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Introduction 


I am not a Zen assistant. I strive to be and that is Zen. ! his book is by an 
assistant for assistants. It is about advanced assisting, though a beginner 
can learn from it, increasing his or her awareness, effectiveness, ability, 
and growth at an accelerated rate from the outset. 

I borrow the word Zen and use it loosely, but in my mind aptly, in 
that this book is meant to help you achieve a very fine and high state 
in your craft. J like to think of your passage here as transcendental as¬ 
sisting; a “going beyond.” It is reaching a point where you can tran¬ 
scend the rules. If you are an advanced assistant, you are at a point in 
your experience that allows you to know when the rules can and 
should be broken. 

Enter with pride the highest echelon. You are the Delta force and 
this is guerrilla filmmaking. 

i his book is not about a totally different kind of assisting. It is not 
exactly a different approach to assisting. It is about a curve in the road 
that could not be seen when you embarked at its beginning. Now that 
you have learned and know all the rules, let us explore their limits and 
the stretch of those bounds. 

This book is a mixture of qualitative views and quantitative techni¬ 
cal knowledge. There are excellent books on technical gear and on-the- 
job procedures. This book is about the art and science of assisting. Here 
we treat the melding of technical knowledge, skills, techniques, and at¬ 
titudes into a gestalt. This approach values simplicity aimed toward 
perfection. It is about stripping down in order to attain, most simply, 
maximum effectiveness, speed, and precision. So in that it doesn’t cover 
strictly or all technical aspects of assisting, let me say that to have got¬ 
ten this iar and to be here, you must already have a firm grasp of the 
technical side, or you would have starved to death by now. 


XV' 
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... f w hat I think are the 
This brings us to what the book wi nf assisting. The foi ¬ 


ls brings us to what the door . of ass j st ing. The foi - 

most vital elements to this “going be} out )j tl ltill g the shot." These 
niula for a better you embraces the pi l(,n ■' ^ people you are there 

are the priorities ot the director an nP i+ 4 es , you can make neat la- 
tor. Therefore, these should be your p> 11 ’ , ■ • feut if the film isn’t in 

Ms and have every tool in its place m y .‘^ kin g thoro ughness is 
the can and the sun’s gone down, yom I * . ^ " hour , which is 
worthless. This is all to the tune o w.rnmercial crew. And its only 

the current clock rate of a big- uf g*- ourselves too thin, we 

going to go up, thank you. Rather than spread 

will focus on only a few key elements. FqcUS jnay no t be what 

You must get the shot and get i n ^ ^ Wf , wi n address 

they hire you for, but it is w ha . - a bad reputation of being 

focus, speed, and adaptability. Asms a - • beginner, because he 

.CO Jr. This is actually .he with a small 

hasn't seen enough yet. This b° t> wl P the readjust over the hill, 
peek at whafs going on around the 

For the rest of you... loosen up! f We w m take a gen- 

We will look at the theoretica aspec^ ^ ^ a( how tlieir dif- 
eral survey of the major classes contingencies and criteria of 

ferent characteristics interact with the contingen 

sharp focus. , w focus, on and off the job. We 

We will look at the art rf^atmgfoa^^ 

will look at mark-getting and focus-setting techn 1 F 

u ill look at mar* g 5 conve ntional and unconventional 

and increase accuracy. Well cover conve 

measuring tn hni()ucs. We’ll look at shot making and the focus pu in 
normal and extreme circumstances. The “focus sequence will be tai¬ 
lored and applied to a broad spectrum of different shooting situation. 
This is the “how." For the “when” of getting and giving, it is better to 
give than to receive. Special aids to focus will be discussed. Focus cues in 
complex blocking, use of the “focus circle” data, cybernetics, and tl le 
Zen of seeing without your eyes will all be covered. Dolly and crane 
moves are treated with rigorous, systematic techniques for 1 L1 ( 11 ' 
blocking in two- and three-dimensional space. Built-in dynamics of lens 
design can aid you in pulling at the right tempo according to speed and 
distance of approaching or receding objects. We’ll discuss how to judge 
your own performance and accuracy alter the shot. This is when you 
can be the hero or the goat. The editor and the director will always be 
guaranteed some choices and some “keepers." 

After we’ve got our act together, we’re going to put it on the road. 
We’ll look at the different shoots, their milieus and the requirements o: 1 
each, and where guerrilla techniques apply to varying degrees. We’ll 
take our focus sequence and show how different steps in the sequence 
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may be omitted as we tune and tailor it to each different shoot venue. 
In the studio we’ll 'Yun speed work” with a second assistant. Out in the 
field, well look at total preparation: mind/body, sports and the “speed 
hag ” and the weather (lenses can get hot too—and cold). 

The final sections will make up a “bag of tricks” to take with you* 
Well just do a l it tle “mopping up” as we send you out into a sometimes 
very cruel world. We'll give you something to carry inside with you; 
attitudes for success, how to deal with failure, and anticipation of that 
all important next time. If you stay in this field, you will get crushed. 
I here will be times when you can t win, but youll know what to do* 
You won't let the monkeys get you* ft is my intuition that a trait shared 
by the best is the desire to be the best. 

Welcome! 
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J UNCTION AN1> RELATED 




ocus (roughly) is the intersection of light rays to form an image Focus 
is dependent on the positional adjustment of the lens and the" ieu in- 
system, which looks through the lens. Focus is also dependent on the 
umaxis w o twist the helical mount on the lens and view the effects of 

wUh a th U e S d me th 3 rCfleX ViCWinS « *- interdependem 

Both o?th °r ’ 3 SPCCial CaSC ° f Which iS hyperfoeal distance. 

Both of these are functions of the combined interactions of focal length 

and the aperture setting on the lens. Depth-of-field limits except for hy- 

per ocal distance are also a function of object-distance-based lens focus 

(ci itical focus). The aperture setting interacts with the relative effect of 

aberrations, of which there are seven kinds. They are present to vary- 

mg degrees m every “corrected” lens. Aperture also affects diffraction. 

,f Se J^ chnical issues are addressed and explained in this book, and 
they should be understood by you. Take advantage of this space you 

have m time, in a learning environment, to grow strong and prepare 

\ i.nnst f. The better you understand the theory, the better you will 

practice your craft when there’s no time to think and little patience 

wit feelings, when in the heat of battle you hear, “Focus! Focus!” and 

the operator is shouting, grabbing at the follow-focus knob. Barring 

t ns display, he looks up from the lens and says, “It’s soft.” Or, “The 

whole thing was soft.” Or during a long tracking shot, be is saying, 

,0 ° **'G°od ... Soft... Soft! Soft!” Do you throw up your hands? You 

want to. A lot of the shot was bad anyway. No. You keep pulling. iPull- 

is assistant’s jargon for focusing, or twisting the focus coliar on a 
lens.) 
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nht- shot- in some instances, y ou 

Pull it back in. You can save ' 1 shot , anyway- Don’t be di s - 

may have just had your ba d feelings- You must focus 

traded from your task by focal the lens and the shot. To- 

vour feelings and your mmd to Mf ^ , K hmcally. 

. . . . _„,„ct >i*> as strong 


LENS THEORY 


Focus 


h ical/mecbanical aspect of that 

let’s start with the theoretical, tec ^ nQt occur ring as the opera- 
important word, focus. Focus *® burning ears. But what is focus? 
is ducking that bad news m.o and q( an assistant. Accord- 

Focus is the primary function ° An reduction “One function 
■ {q Nu&sbaum in Gpoffistric f _ a u rays leaving taih point 
any lens, or optical system, is to a ^ ^ imagc » This is also your 
the object and focus them to a 1 _ R . g ossib l e for you to do this 

, i believe it is your primary tun p and passing through the 

■ause, “All rays leaving a " ob J ec . F want a lens to accomplish.^ 

8 will meet again at P'. This is _ _ accom plish. The assistant and 

is is also what we ^“1 rf^lishillg focus. They work closely to- 
: kns both share the tas — wilI ‘ neve r be aware of you, you 
her to accomplish tins- _ ^ for what a simple, yet fabu- 

Lst be hyper-aware o i • PP^ ^ function are pro bably the most 
isly complex entity j ob . if you don’t, you’ll 

d production will swiftly .. point at which 

,r ;r heat, sound, etc.) converge, or from whteh they d,- 

r gc Specifically, it is the point where geometrical lines, or them pro- 

lions conforming to the rays, diverging from or converging 

vard another point, intersect and give rise to an image after reflec 
. _r_o lsans or ontical system. z See 1 ig- 


ure 1-L 

Andreas Feininger, in The Complete Photographer, says, “ I < 1 r 1 • 1 1 1 
erly focus a camera, the distance between the lens and the film must be 
adjusted in accordance with the distance between the subject and the 
lens.” This is done with the aid of two devices. He lists as number one 
“a mechanical device...in most small format cameras a helica' lens 
mount..." 3 This adjusts the distal relationship of the lens to the focal 
plane, or film plane. By “small-format cameras” Feininger means the 
group that includes 35mm and 16mm cameras and film formats. 
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figure 1-1. 

locus. Kays from an object point 
at infinity and converge to an 
image point after refraction. 


#■ 



Feininger lists as the second focus aid “an optical control, which 
tells the photographer when the distance between the lens and the film 
is properly adjusted.” 4 This is the viewing system. In film we use an op¬ 
tical reflex system. If focus marks are arrived at or checked “by eye,” 
the assistant and sometimes the operator become part of that system. So 
I am adding to Feininger here by saying that focus is attained with the 
aid of three devices: (1) the helical lens mount, (2) the viewing system, 
and (3) the assistant. Webster*s Third New International Dictionary 
lists the word focuser. It means “one that focuses or aids in focus.” 

Depth of Field (DOF) 

A core concept of focus is depth of field and the related concept of hy- 
perfocal distance. “Objects that are within a certain range, which is 
called the depth of field, are focused to relatively sharp images .. . ,,ri (on 
the focal/film plane). Depth of field is “a degree of latitude in the posi¬ 
tion of an object, while still retaining sharp focus on sensitive material 
[held] in a fixed position in a camera.” 1 ’ The distance between the front 
and rear limits of the range of this object positioning is the depth of 
field. Depth of field falls in a zone that extends to one-third its total 
zone size in front of object focus and two-thirds total zone size behind 
the object focus. In extreme close-ups this relationship breaks down. 
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ieet 


half , ot .I zone size i- f™"‘ ° f "> p °bj, 
Depth of field is spit* 40 f" . ‘ hjnI j .hr object focus, 
focus and one-half zone si 

Circle of confusion will be rendered -■ circle 

Between DOF limits, a point of fr for 35 mm lenses and .0125m m 
measuring .025mm (or '<*> * n ^ This is known as tin- cirri.- of con. 
(or less) in diameter for *6mm 1.^^ (or ^ forma.s represem , he 
fusion (COC). The spectfica* d ering of points ot the object , ls 

maximal limits of the acceptabl this performance. Those 

blur patches in the image. Sonu , han these ar eas do not meet 

that “image” points as blur ™ c . * form ance. Points of the object 
professional standards set depth of field will be imaged 

that lie outside the near “ nd " , imits by even the sharpest lens, 
as blur patches beyond accep distance, focal length, and ap- 

Depth of field is dependen . rfs on different size circles 

er,ore Among different ' 

of confusion. Sec Figures 1 > , represents the rate of angular 

The speed of the edge ° 1 . dQ FocuS( The number of revo- 

sweep of the converging ray t j that is driven by the large 

lutions of a di "e r-olu^n L the speed of the large disk 

as 4 ,imra 

edge frav^ls approximately 

(50mm) = S - R = 2.5" 

~ 4*T ( 12 ^nim) = S - R = 42" and image distance increase, image istance 
(u) (50mm) increases = 17 x image distance (u; j 

f50mm) increases = 17u (12.5mm) increases. 


Object Distance 

The farther away from the lens the object focused on is, the greater the 
range between front and rear limits of acceptably sharp focus. Simply, 
the greater the object distance, the greater the depth of Field. Light rays 
emanating from a point source diverge at a more narrow angle, pre¬ 
senting a decreased angle of incidence (to the normal). After refraction, 
these rays converge at a more narrow angle toward their focal point. 
This results in smaller blur circles that are the intersections of converg¬ 
ing light rays and the focal plane. The blur circles are the cross sections 
of focusing cones of light and are created by the intersection of light 
cones and the focal plane. These smaller blur circles are more apt to 
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50mm / T2.8 / 3’ 

Object Distance (0.0.) = u + v = 9i4mm (3‘) 



Angular Sweep Through Depth ot Focus 

50mm lens -1 rev. = 2015.2532 revs. 

25mm lens -1 rev. = 469.02993 revs. 

12.5mm lens -1 rev. = 115.11650 revs. 

Figure l-3a. Depth of field and focal length—Mechanics. Radius of largest circle (for each leiw) 
represents the hypotenuse of a triangle formed by the converging ray (image space) with the 
lens plane and the image distance of the lens focused at 3 feet. 


match the size limit 5-et for the accepted circle of confusion for a par¬ 
ticular format. See Figure 1-2. 

This is true for any given focal length at any given aperture setting. 
However, for a lens of any focal length, at progressively shorter object 
distances, stopping down (closing the aperture) is increasingly less ef- 
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D O. Focus x 112,48593 x 4 1750241 (a) as represented 
by vertical angle (b) subtended by range of refracted rays 
over D O Field mtervaJ size (T = S - R = 42 “) 



D O. Focus * 112 48593 * 1 9780219 (±) 
as represented by vertical angle fb) 
subtended by range of refracted rays over 
D O. Field interval size (T = S- R = 10.50”) 


fective* So you get more focus for your money with object distance 
than you do aperture setting. This is handy knowledge in sports work. 

Focal Length 

At equal object distances and apertures* shorter-focal-length lenses will 
yield greater depth of field than longer-focal-length lenses. 1 he image 
sizes will lie different. At the same object distance a ruler photographed 
with a 25mm lens will bo one-half the image size of the same ruler pho¬ 
tographed with a 50mm lens. Hut what it we make the image sizes 
identical? To do this we must double the object distance of the 50mm 
lens or halve the object distance of the 25mm lens. Increased object 
distance increases depth of field; obverselyi decreased object distance 
decreases depth of field. The new object distances have restored the 
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OOF interval size = T 
TsS-R 
S a Far Limit 

R = Near Limit e 0 f vertical internal retracted 

Smallest circle at verle* (focus) of each triangle represenlsttieangulanartge^^^ interval size). 

angle (b) [path of converging ray] through D.O.F. range im s. cnanned by vertical internal 

Small square (near vertex of each lens) represents size of , . j ( 50mfT1 lens: T= S - R - 

ratraclad angle (b| [path of converging ray) to D.O.F. range limit (interval 

2.5" 

Vertical angular comparison for each lens 

[50mm lens] / [50.00mm lens] = (3 0000000 )' unis = 1.1.000 

[50mm lens] / [25.00mm lens] = (1.4913656) | unrts = .0.250 

|50mm lens] /[12.50mm lens] s (0.7456828) unltt- ■ ■ 



T [50mm) = S - R - 2.5 


square = (3)* units 



□ T [12.5mm]/» 


4 ’ = 2.5“ = square = (.7456828) 1 units 



D.O. Focus x 112.48593 x 1 (t), as represented by vertical angle (b) 
subtended by the range of refracted rays over O.O. Field interval size (T * S 

R ~ 2,5 *) 
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Figure Depth of Field—Mechanics. Three reasons for focal length/image distance propor- 

t tonality and in turn focal length/depth of field inverse relationship. For any O.D. (u + v), there 

*ire three relevant properties of the vertical angle (hi which la determined by the refracted con* 
verging ray's direction of travel (path); 

Tangential properties of vertical angle (b> 

1* Vertical angle (b) [50 mm lens] is greater than vertical angle (b) [12,5mm lens], 

2. Vertical angle (b) [50mm lens] opens 4 x the rate vertical angle (b) [12.5mm lens] 
opens. 

Cotangential property of vertical angle (b): 

3. For a given aperture, as focal length increases, lens radius increases (available 
effective incident surface). As lens radius increases, for any given vertical 
angle, and we relate this value to the numerator of the cotangential ratio of 
the vertical angle, it follows that the denominator (image distance) of this 
ratio must increase proportionately to maintain the same cotangential rela- 

cKinship (ratio). A s Jfoca / length increases! lens radius (a} increases; therefhre T 
image distance (b) increases. 

because of these three reasons, image distance (u) [50mm lens] changes 17 x the rate image dis¬ 
tance (u) [12.5mm lens] changes, per unit change in Q,D. 


original depth of field. Simply: same image size yields same depth of 
field* See Figure 1-5. 

The following two laws of depth of field are anchored in variables 
of focal length and object distance. See Figure 1-6. 

Inverse Square Law of Focal Length 

r>epth of field is inversely proportional to the square of the focal 
length. The longer the focal length, the shorter the depth of field. 

F 2 (DOF) = 1 

I 'ropor tional Law of Object Distance 

Depth of field is proportional to the square of the times the object dis¬ 
tance is increased. The higher the footage focused on the lens the longer 
the depth of field. 

(DOF)/d 2 *- 1 
d = object distance 

Relating these two laws mathematically, we can see that in restor¬ 
ing identical image size to those images projected by lenses of different 
focal lengths, we also restore to them identical depth of field, given 
identical apertures. 

Depth of Field and Image Size 

Depth of field, focal length, and image size are a constant. This means 
same image size equals same depth of field (at same aperture). If 
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F = local length 


(1) 


f2l 

2 


1 

J 


J 



f 4 l 

4 


1 

J 


/ 


F = - F = 4 x DOF 

X 

4 

l 

F = -^ F= 16 x DOF 


Figure 1-S. Reduc ing focal length by one-half increased depth of field four 
times. 


Focal Length (f) 

100mm 

50mm 

25mm 

Depth of Field 

1 

1 

1 

(Index Numbers)* 

10,000 

2500 

625 



rv\ 

2 


/ 


(2> 

1 

/ 


f = -f = 4xDOF 


f = 


4 

J 


(4f 

1 

J 


f = f« 16 x DOF 


‘Index numbers are for demonstration purposes only. 

f(2) = 


\ -j 

f = 4 f 

4 


2 


x 

2 

4- 

f(4) = 
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Figure t-4J. Increasing the focal length by two reduces the depth of field to 
one-quarter its original size. 


F 2 (DOF) - 1 (inverse square law of focal length) and (DOF)/d~ = 1 (pro¬ 
portional law of object distance) then: 

F 2 (DOF) = (DOF)/d 2 
[F 2 (DOF)]/l = (DOF)/d 2 
DOF = d 2 F 2 (DOF) 

(DOF)/(DOF) = d 2 F 2 
d 2 F 2 = l[(DOF)/(DQF)] 
d 2 F 2 = 1 
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The perspectives of lenses of different toc.il length yieldi n „ 
same image sizes will be different) however. it« 

Other handy guides can be derived from these two related w 
their relationship is one of trading off, you ran take advantage 0 f „ As 
when trading focal length for object distance and vice versa. '<• 

From the focal length law: 

If we red uce focal length by one-half, we increase the depth ( ,f 
field four times. See Figure 1-5. 

If we reduce the focal length to one-quarter of its original v a l Ue> 
we increase the depth of field sixteen times. 

Conversely, if we increase the f ocal length by tw o, we decrease 

the depth of field to one-quarter of its former size. See Fig Ure 

If we increase the focal length by four, we decrease the depth 0 f 
field to one-sixteenth of its previous length. See Figure 1-7. 


From the object distance law: 

If we double the object distance to the lens, we increase the depth 
of field four times. 

If we increase the object distance three times, we increase the 
depth of field nine times. 

If we increase the object distance four times we inc i i.isi the depth 
of field sixteen times. 

And we assistants do love to increase that depth of field! Hut wait! 

There’s more. 


OD=Object Distance 

(OD) x 2 = (2(0D»* = 4 DOF 
(OD) x 3 = (3(0D» J = 9 DOF 
(OD) x 4 = (4(00))* = 16 DOF 

DOF changes by the square of the change in object distance, 


x = 4 = (times distance increase) = (2)* - x - 4 

2TO X r 2M0 = ori 9' nal 00F “ is ’O'" ,imes lar 9 er than 


Figure 1-7. Focal length observes an inverse relationship. 
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Aperture 

We can also alter the depth of field by changing the aperture setting on 
the lens. 

We know that as vvc increase the f-stop numbers or T^stop num* 
bers on the lens, we are making the aperture smaller. We also know 
that decreasing aperture size increases depth of field. How much does it 
increase depth of field? We know that closing the aperture down does 
not buy as much relative depth of field as increasing object distance or 
decreasing focal length. In physics just about everything is relative, but 
htU is that relationships If you double the f~stup number or the T- 
stop number, which means decreasing light allowed to one-quarter the 
original amount, you double the depth of field. 

A br ic t digression here; \ou know that f~numbers or T - stop num- 
bers marked on the lens relate to image brightness as a function of 
light transmitted by the lens through the aperture, T-stops refer to the 
actual amount of light transmitted. 

The f-number s relate* to this factor, in that they represent a ratio of 
lens diameter to focal length (more later). For now it’s important to 
know that the series of f-numbers or T-stops chosen for use on motion- 
picture lenses relate to each other based on the number 2. This is easily 
seen on the lens, in that every other stop is double or half the numeri¬ 
cal value of every other stop. Each f or T number is the square or 
square root of each for T number immediately before or after it. See 
Figure 1-8. This is due to the inverse square relationship between 
brightness and f-n umbers and the square relationship between bright¬ 
ness and relative apertures. Hut more about that later. For now, you can 
get a feel for how much depth of field you are gaining or losing [yikes!) 
with a change in stop just by looking right at the lens in front of you. 


Figure 141. 

When lens focus equals H, depth 
of field extends from one-half (H) 
to infinity. 



x2 
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For example, you're shooting a car race at 1H The sun goes behi n . 
a cloud and you open up two stops. You halve youi aperture nim^ 
(f-stop number). You halve depth of field, ,ls f'dlou s. 


er 


Til x h = T5.6 

The number you must multiply your original stop by to get y 0llr 
new stop is the factor by which you must multiply youi original de ptll 

of field to get your new depth of field- 

Hypcrfoc.il Distance 

We have seen what depth of field is, how tothillkabou, it, and how 
regulate it. Now let us look at a special case of depth of field and how 

maximize'tfie f ^ g ^ whe „ principal focus is set 

a, infinite, the near limit of depth of field is the hyperfocal distance, 
All points from this distance to infinity will produce an ,mage or blur 
circle <025,nm in 35mm, and s.0125mm in 16mm Remember, these blur 
circles'are the same as the circles of confusion dtscusscd eachen (Hard- 
core eh’ Get used to it, kid.) This means that all objects fiom this near 
point to infinity will be rendered in sharp focus Hut watt! It gets even 
better If the lens’s principal focus is now changed horn in ini \ tu this 
near point (hyperfocal distance), all objects from infinity to one-half 
the hvperfocai distance will be in sharp focus You have attamed maxi¬ 
mum depth of field for this lens minimizing the extent to whtch you 
must pull focus Remember, as soon as you touch the lens if you mess 
up, kid, it’s your fault! This is a concept Hollywood loves because that 
it not their fault and everyone can keep their Porsches. 


OPTICS AND LIGHT THEORY 

But actually I want to teach you not to be afraid of the lens and to love 
the beauty of manipulating it. And you will rise above the fearful, 
cringing hoards of others who arc in a perpetual slow period an 
never seem to be working enough. Let’s move on to other harsh realt- 

ties. How about a little optical mechanics? B 

“There is something magical about the image formed by a lens, 
says Ansel Adams. 7 “The typical lens shape is given by the continuous 
merging of an infinite number of [such] prisms,” says Baines.® 

There must be some Zen around here, somewhere. 

To attain focus, varying depth of field, and varying hyperfocal d®" 
tances for objects of varying sizes, distances, and even speeds, un er 
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varying amounts of light, we vary focal length and aperture . These 

two elements are the primary criteria to be considered in our varying 
choice of lenses. 

“But, in spite ot all the science and technology that underlies our 

medium, the sensitive photographer feels his images in a plastic sense," 
observes Adams. 9 

So should we ignore the hardware? We’re assistants. Hardware is a 
big part of our job description. But what about the Zen? To get there, to 
fly, we must study the fundamentals so well that, according to Adams, 
*we must come to know intuitively what our lenses and other equip* 
ment will do for us, and how to use them” 10 On the need to go deeply 
into design and manufacturing, however, Adams says no, “But the pho¬ 
tographer who understands the concept of lens function will certainly 

benefit in his work.” 11 So from the sublime to the mundane. Let’s look 
at that now. 

I irst, let s establish that light can be thought of as traveling in a 

wave. U A lens is a device used to alter the shape of a wavefront," accord¬ 
ing to John Betts. 12 

for us, lenses are transparent objects, made of glass, having two 
smooth sui faces. The surfaces are convex or concave, converging or di- 
verging, positive or negative in their effect on the wavefront, Baines 
says, U A lens is a device whereby a large cone of light from a point may 
traverse a large disc and be refracted, so that it is once more concen¬ 
trated to a point to give a very bright sharp image” 13 See Figure 1-L 

This is called refraction. As light rays pass from one medium to an¬ 
other on an incidental path, in this case from air into glass, their angu¬ 
lar change in direction is called refraction. Or more formally: 

“When a wave passes from one medium to another, its frequency 
remains the same, but its speed and wavelength change. As a result the 
wavefront is bent at the boundary. This bending of the wavefront is 
called refraction.” 14 Or, more simply: “Refraction is the bending of light 
rays when they pass from one material into another, it is caused by a 
change in the speed of the light.” 15 

Movie lenses are cut from spheres of crown glass, as well as other 
types of optically superior glasses. That sounds nice, doesn’t it? I hey 
have spherical surfaces. Glass is optically denser than air. Light travels 
slower in glass than in air. So when a light wave passes from air into a 
glass lens, the part of the wavefront passing through the thickest part 
of the lens spends the most time in the lens. This part spends more time 
traveling more slowly and lags behind those portions of the wave 
spending less time in the glass and, hence, more time traveling faster. 
Due to various speed changes in dif ferent portions of the wavefront, 
the shape of the wavefront is changed by the lens. See Figure 1-9* 

So refraction is dependent on the shape of the lens. Shape deter- 
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rigtin 1 1*U, 

A converging lens is a section 
of a sphere, as is a diverging 
lens. 




A 




mines, in part, the angle of incidence and also, in part, the amount of 
refraction. Refraction is also determined by varying densities of differ'" 
ent glasses, compared to that of air. This determines the inverse rrla - 
tmnship of the speed uf light through air. This relationship, or number 
(AIK MEDIUM), is called the refractive index. Light through crown 
glass travels at about two-thirds the rate of its speed through air. The 















































The Lens 


17 


inverse of this is its refractive index. Hence, the refractive index of 
crown glass is 1-5. But who cares, right? Where’s the coffee? What’s for 

lunch? And these aren’t Coronas. Here is an example for refractive in¬ 
dex (RI). 

Speed of light through air = l 

Speed of light through crown glass = 2/3 

RI = speed of light through (air/medium(crown glass) 

RI = 1/C2/3) - 3/2 = 1.5 


There is no refraction of a ray passing through a surface at 90 de¬ 
grees to the plane of that surface. There is greatest refraction of those 
rays passing through surfaces at the most acute angles of incidence. 
These angular relationships are the reason why a lens makes all your 
twisting come out in focus. 

Because of the glass, its shape, and the angle of incidence at which 
the light hits it, a lens refracts light to form an image. A sharp image, 
right? This is the part of theory we want to realize. But how does a lens 
get all that light to focus? How does it make a point object a point im¬ 
age? Photographic lenses, also called complex lenses, are made up of 
negative diverging lenses, which direct light rays away from a central 
point, and positive converging lenses, which direct light rays toward a 
central point. The combining of negative diverging lenses and positive 
converging lenses results in compound positive lenses. They converge 
the scattering light rays emanating from a point object back into a 
point again. On a complex object (like your thumb, you big dumb guy), 
the rays of light emanating and scattering from all points on the object 
are gathered, and the light is rearranged hack into the same pattern as 
the object. This rearrangement is called an image. The converging lens 
that does this is a section of a sphere, remember? 

Image formation is due to spherical shape. A lens is shaped to allow 
rays, impinging on different areas of the lens, to be refracted to differ¬ 
ent degrees. This is the secret of a lens's ability to converge rays in a 
way that will form an image. 

“When those curved lens surfaces are segments of spheres, the an¬ 
gles presented to incidental rays will be such that every light ray ema¬ 
nating from an object and striking any part of the tace of the lens, will 
be refracted just enough so that all will reach the same image point." 1 *' 

Some people feel that you can ignore how a lens forms an image 
and still make an intelligent lens choice, and they’re right. I just need 
more pages for my book. They say you don't need to know terms like 
node of emission, chromatic aberration, coma, and so on. Well, that may 
be. Again, according to Ansel Adams: “But the photographer who un- 
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demands the concept of lens function will certainly benefit i n ^ 
work. 17 Thank you. Anstl without a physicist's g ras 

certain technical cmtingencies, but '' ilha *°^ - .“.'““Wpts, 
you are more whole and Just that little bit better off In social psy cho ,_ 

Igy and learnins theory, there is a Hrm"-e f, , 
direct and positive correlation between education lea g to aw ai . 
and enhanced task performance, tot that why we're here ktds? ,„ t , 

dentallv, the same fellow who says you can ignore u. et meal si<J e 

also names three criteria he considers valid m - cho c ins.de , hose 
criteria we find, you guessed it: aberrations, conn ast, distortion, brig ht . 

ness. etc. I guess he chickened out. 


LENS FUNCTION/CHARAt 

So we’re going to look at aspects of lenses in terms of their “specs”: focal 
length and speed (brightness). Well look at performance: sharpness or 
resolving power, aberrations and distortion, conti ast and color correc¬ 
tion, and common phenomena like vignetting. Last, we’ll discuss simply 
their type, from standard primes to high-speed zooms. And in explain¬ 
ing a telephoto, we may have to get into “node of emission.” 

Focal length is the distance from the approximate center of the lens 
(or node of emission) at which parallel rays from a point source at in¬ 
finity will be focused to a point. It is also the shortest distance between 
the lens and the film plane at which a lens can produce a sharp image. 


Node of Emission 

There it is, already showing up. It is, in theory, the point where light 
rays exit the lens. The node of emission is located just behind the center 
(principal point) of the lens. The nodal plane (rear) of a compound lens 
is the position at which a simple lens of focal length equal to the com¬ 
pound lens must be located to produce equivalent focus. Both nodal 
point and nodal plane are optical constructs. In a telephoto lens or 
retrofocus wide-angle lens, the node can be located outside the lens. The 
adjustment of the location of the nudal point or nodal plane is acconv 
plished by utilizing negative or positive lens elements in the system, h 
is done to accommodate overly large or small back-focus requirements 
that are dictated by long- and short-focal-length systems (telephoto and 

retrofocus wide-angle lens systems). (See General Lens Survey and Re* 
lated Characteristics.) 
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Speed and Brightness 

Brightness of an image is a function of the speed of the lens. The speed, 
relative aperture, and maximum aperture are expressed in f-stops and 
T-stops. The f-stops represent a mathematical ratio. T-stops represent a 
physical quantification of the actual amount of light transmitted by a 
lens. The speed of a lens is equal to the ratio of the diameter of the lens 
to its focal length. Represented by S, speed is equal to diameter over fo¬ 
cal length: S = d/f. 

Brightness is proportional to lens speed. Hence, (s) 2 = (d/f) 2 . Lens 
speed is dependent on the amount of light transmitted, which is of 
course proportional to the lens’s area, which is proportional to the 
square of its diameter: A = xtr*. Now remember that doubling focal 
length not only doubles image height, but also doubles image width. 
Start with a 25mm lens and an image of 2 inches by 2 inches—that is, an 
image area of 4 square inches. A 50mm lens doubles both values. Our 
new image area at twice the focal length will be twice as high and 
twice as wide, or 4 by 4 inches. This yields an image area of 16 square 
inches. The area over which the light has to spread is four times as 
great, so the same amount of light will render our new image at only 
one-quarter the original brightness. This equals two stops. This is how 
a doubler takes away two stops in brightness. 

The f-stop numbers relate to brightness inversely. To restate 
brightness equals (diameter of lens)V(focal length) 2 , or d 2 /F 2 . The f-stop 
number, which dictates image brightness, is the reciprocal of this 
value. This is to render whole numbers. 

1 

f-stop --, or F/d 

* d/F 

But! In a lens system with internal structures like aperture plates, 
brightness or speed depends on the diameter of the entrance pupil 
rather than the actual lens diameter, which must be large enough to ac¬ 
commodate large openings set on aperture rings. 

S = d f /F, 

and because f-stop = 1/s, f-stop = F/d^ 

Entrance Pupi : 

This is the opening that an observer would identify as the limitation 
on the solid angle for - rays diverging from an on-axis object point. For 
us the aperture stop acts as the entrance pupil. The aperture stop is 
physically located between the object and the lens. (By lens here we 
mean node of emission* an optical construct, not a physical entity.) In 
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this position, the aperture stop limits the solid angle of the rays Com 

from an object. 19 

So we see that the wider the lens aperture, t le brighter the 

Also, the longer the focal length, the dimmer the image. Image brie?' 

ness is proportional to the interplay of the two factors: lens dia^, 

and focal length. This is why long-focal-length lenses have hig^ 

maximum apertures and why telextenders lose light. * 

Brightness varies as the square of the lens iameter over the f Qc . 

length, or the inverse square of the f-stop number (which is the rec^ 

roeal). A series of f-stop numbers, or for us T-stop numbers, represe nt 

an increase in brightness of two times for each stop. So as the f-stop Qjt 

T-stop numbers go down, aperture size increases exponentially. Each 

stop number decreases by a factor of the square root of 2. See Fi gUr(? 


On the front of the lens, engraved next to its focal length, i s a num¬ 
ber referring to the lens’s maximum aperture. This is an f-stop number 
based on mathematical dimensions, not on actual light transmission 
This is why on a high-speed prime lens, we’ll see fl.3, but on the aper¬ 
ture ring well see T1.4. A T-stop, based on the actual amount of light 
transmitted by a lens, is affected in value by the same lens charac¬ 
teristics that affect how much light that lens is transmitting. These 
characteristics determine just how fast a lens is. 

T-stops are checked on a light-sensitive machine, calibrated to a 
standard reference value. The factors that make up the dimensions and 
composition of the lens that affect the light being passed (to this device) 
are glass type, surface coatings, separation, number of air/glass/air sur¬ 
faces, internal reflectance, and internal surface quality. In macro lenses, 
object distance is a factor when attaining unit magnification. 


Glass Type 

The glass used varies widely from lens to lens and with difh m i > 
manufacturers. There are approximately two hundred different types 
of optical glass. Particular combinations of elements and therefore dif¬ 
ferent types of glass may be present or absent to varying degrees ac¬ 
cording to a lens’s intended function. This is because, as we remember, 
different types of glass have different refractivity. Glasses used in vari¬ 
ous combinations, in total, refract light in varying degrees to lit the re¬ 
quirements of a short-focal-length lens, or a very long-focal-length lens. 
A lens of the same focal length made by two different companies will 
employ different glass. Lenses of different focal length made by a single 
manufacturer will be made of different types of glass. In making h’ lis<s 
of different focal lengths, different combinations of elements are used, 
requiring different combinations of glass types, according to the k I1,s 
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Stop numbers are related 
to each other by a factor of 
the square root of 2. 


T 1 1 

Y2 






56 


T5.6 

YF 




0 


56 

4 



2 8 






recipe,” Also, different glasses have different absorption values. Most 
absorb more blue light and less red, because light at the blue end of the 
spectrum tends to scatter more. 
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Surface Coating 

T-stops are also affected by the transparency of the glass itself; P 
numbers assume a lens is perfectly transparent. This is not the case, a ^ 
proximately 5 to 8 percent of the incident light is lost by reflection ^ 
each air/glass/air surface. To reduce these reflection losses, the eletn^Jr 
are coated with a thin layer of material. The coating’s refractive i ndp S 
is intermediate between the values of air and glass. Light rays Would 
otherwise strike a glass/air interface at too critical an angle, or on e t 0o 
acute (obtuse to the normal) to the glass, and be reflected. They w 0ld{ j 
never pass on to form an image. The slightly different refi activities () f 
the coatings at an interface cause a slight change in the directional path 
of a ray. Now the same ray will be presented at a more obtuse (acute to 
the normal) angle to the glass. The ray will be tiansmitted through the 
glass/air interface and pass on to form an unage. Though coatings at an 
interface reduce reflectance from approximately 5 percem to about ts 
percent, they still interact with light transmission. Different types and 
numbers of coatings are used from lens to lens. In photographic lenses, 
magnesium fluoride may be used or multicoatings of different combi¬ 
nations are used. Again the key determinant is design. 


Separation 

The separation of air/glass/air surfaces is seen from the preceding para¬ 
graph to be an obvious factor. Elements close enough together can in¬ 
teract with light reflected off internal surfaces to make the light 
“carom” right back out of the system. Does stacking multiple filters 
come to mind here? 

Multiple Surfaces 

The number of air/glass air surfaces multiplies the percentage of light 
loss, due to reflectance of each element at each interface. With the use of 
coatings, this loss is considered negligible. 


Internal Surface Quality 


Internal reflectance is also partly a function of the surface quality of 
the inside of the lens barrel. The inside surfaces should be a flat nonce - 


flective black. The surfaces are textured to keep light from concentrat¬ 
ing and to avoid specular reflection. The varied surface, instead send 
the light diverging in many angles, rendering stray light more diffuse 
and less of a factor. 
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I inally, object distance is a factor affecting the amount of light 
reaching the image surface in a macro lens. Unit magnification is a one 
to one object size to image size ratio. This is the same ratio as object dis¬ 
tance to image distance in a lens. Let’s look at the lens equation: 


1/f = 1/u + 1/v. 
f * focal length 
u = object distance 
v = image distance 

So at unit magnification: u » v, and 1/f= 1/u + 1/v 
And if u = v, then 1/f = 2/u. 

And u = 2f 

So at unit magnification, both object and image will be twice the fo¬ 
cal length from the lens, from earlier discussion wc remember that as 
focal length is doubled, image area is squared. 

Original image area = A = H x W 

Double focal length =(2xH)x(2x W) = 2 2 A 

And with the image covering four times the original area, the 
brightness will be one-quarter of its original value. Let’s use a hypo¬ 
thetical lens with a diameter of 1 and a focal length of 2. Remember 

S = d e /f 
d e = 1 
F = 2 

And (d e )2/(F)2 - l 2 /2 2 = 1/4 

Doubling the focal length (unit magnification) gives us 
(d,) 2 /(2F) 2 = (l) 2 /(4> 2 = 1/16 

This is one-quarter of one-quarter, which is the case in unit magni¬ 
fication in a macro lens. 

So now you know the simple optical mechanics ot lens function. 
And you understand a bit about the characteristics of a lens. I hese are 
focal length (image size) and speed (image brightness). But that is a per¬ 
fect lens anti this is not a perfect world. Next we will look at the per¬ 
formance variables that interact with the above characteristics ot a 

lens. 

The primary variable in lens performance is sharpness. Sharpness is 
a function of the resolving power of a lens. The resolution of film you 
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can blame on Kodak, Fuji, or Agfa. Sharpness is also a function of C()( 
trast of a lens and color correction. They are related to the u Se of ' 

ings and ihr degree of aberrational cori ection. ^ u y corre cte . 

lens is not fully corrected. Sharpness is also judget by certain subject^ 

human factors. , , , 

So it sounds like the caterer is bringing a good lunch, (h 0 h 

same old stuff) and you want to still be here after unch, when the biJ 

dogs have looked at yesterday’s dailies. You’ve finished dessert, y 0ll ,^ 

made all your calls; still no sign of the guys with Ihi big beany e opters 

Suddenly’ they emerge from the screening. You try to read those s 0Ur 

faces. Is it indigestion or is it you they’re thinking about. You have th at 

slightly out of control feeling. Well, you tried your st and probably 

did a good job. It must be the tarragon chicken. White meat’s a favorite 

food of movie people in the nineties. 

Hut you want to feel sure of your focus. So to help ensure your pr e . 
cious focus, the exec’s precious and very expensive footage, as well as a 
few careers and egos, you want to start with the best equipment, that is, 
the sharpest lenses. The following is a discussion of how lenses are able 

to be as sharp as they are. 

Technically, one way to judge sharpness is to look at resolving 
power. This is a judgment of an aerial image. An aerial image is one 
formed in space (air). The real image (image formed on physical mate¬ 
rial) on the film is a function of the resolving power of the lens and the 

resolution of the film. 


LENS -> RESOLVING POWER -> AERIAL IMAGh 
FILM -> RESOLUTION -* REAL IMAGE 

Let’s focus on the lens (heh hch ...small pun). One way resolving power 
is rated is by the number of lines per millimeter that can be distin¬ 
guished or “resolved" by a lens. Optical resolving power is indicated by 
spatial frequency (unit mm' 1 ). But this is only part of the story. 

Resolving power is limited by contrast of test charts, as well as ap* 
erture, wavelength, object distance, and subjective factors. Black and 
white lines don’t necessarily give the sharpest results. Test objects, 
where contrast varies according to a sine function, will give different 
results. The number of lines distinguished by a lens, its resolving 
power, may be the same at two different apertures, but the contrast 
(apparent sharpness), due to aberration/diffraction limitations of the 
lens, may be quite different. So there is, more correctly, no one rcsoh" 
ing power of a lens, so much as there is “RH” at different conditions of 
the lens and object. 
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In the real world, movies are made in color. They’re not black-and- 
white test charts. In addition to monochromatic aberration effects, the 
ability to focus simultaneously different colors, or wavelengths of light, 
is related to lateral and longitudinal chromatic aberrations. There are 
equations that indicate resolving power to increase with reduced wave¬ 
length and increased f-stop numbers. Practical use with a real lens 
shows stopping down to increase lens performance. This is only to a 
point, where diffraction effects take over. (Heh heh, later, kids.) This 
does imply that a lens has an optimum aperture range, which is usually 
between maximum and minimum aperture values by two to three 
stops. At smaller apertures, resolving power is affected by aperture 
shape, due to diffraction effects and because of aberration correction, 
which is greater in the center of a lens, compared to its edges. The “RP” 
varies greatly when measured in these different areas. This is especially 
true at larger apertures. 

So when you talk about “RP,” you’re talking about a lot of variables, 
none of which can be made perfect. If it’s any consolation, 35mm cam¬ 
era lenses have twice the resolving power of lenses for use with larger 
camera formats. Lenses intended for use with 35mm cameras are de¬ 
signed to stand up to higher standards. This is due to the ultimate mag¬ 
nification that is required of the images they transmit. 

And we haven’t even gotten to the film with our image yet. A cam¬ 
era is a marriage of optical, mechanical, and chemical systems. First, 
there are problems of vignetting and even camera shake, before you 
even deal with the relative flatness or unfiat ness of the film. Cost re¬ 
strictions limit types of optical glass used as well as other design factors, 
such as aspheric surfaces and floating elements. They all affect per¬ 
formance of a design. And there are human factors. 

Holy toot! 

Human factors are psychological and subjective. One’s “impression” 
of a lens’s sharpness is a function of its contrast. A lens can rate num¬ 
ber-wise the same number of lines resolved, from one instance to an¬ 
other, yet a human will judge one image sharper than another. We 
discussed the manipulation of aberrational interaction by changing the 
aperture, but before we finish with the technical side of sharpness, let’s 
look a bit more at contrast. Simply, contrast means flare and fog intro¬ 
duced by the characteristics of a lens. We saw that aberration contrib¬ 
utes to the effect of decreased contrast. Contrast is af fected not only by 
size and shape of the aperture, but also position of the aperture. For 
many reasons, a technician may sometimes alter the position of a dia¬ 
phragm from its original position in a lens’s design. Seeing as how 
every surface reflects to some degree, this new position of an existing 
surface bounces light in directions not originally taken into considera- 
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tion. You know that separation is a factor in light transmission. I, U ob- 
vious how changing the longitudinal position o^ a lap ragm and its 
surfaces changes the separation of a lens. (Look ow smar you re get- 

why do people monkey with lenses? To make them function 
better. A simple lens will not render anything near the cot . ected image 
yielded by complex lens “tecipes” (combinations) lhat are tested on « 
computer before a lens actually exists in the world (cosmos). What are 
the computer-designed lenses corrected for. 


ABERRATION 

There are five kinds of monochromatic aberrations, two kinds of dis¬ 
tortion, and primary chromatic aberration. But what is aberration and 

its seven ugly sisters? First a word from sleeping beaut}. 

The perfect lens Ls aberration free. It is a diffraction-limited lens. 

All rays from an object point converge on an image ] ><nnt An orthogo¬ 
nal object plane’s image is an orthogonal plane (see Chapter I our, 
“Terms and Definitions”). Object and image shapes are identical pi opor- 
tionately. A perfect lens emits from its exit pupil (the final intt i at th r 
limiting component of a lens) a spherical wavefront, which c on verges 
to an image point. The actual emergent wavefront is not evenly spheri¬ 
cal—it’s ridged or crinkly. Instead of an image point, it yields an image 

patch. 

Aberrations come from the qualities inherent in spherical sm faces. 
This is because refraction varies across the annular zones of a lens sur¬ 
face. These banded zones are concentric. Monochromatic anomalies arc 
also called Von Seidel aberrations. They are spherical aberration, coma, 
astigmatism, curvature of field, and distortion. Spherical aberration 
affects the entire image from axis to periphery. The others interact 
positively with contingencies of field angle to the degree off-axis. In¬ 
creasing these factors increases the degree of aberration. There are two 
kinds of chromatic aberration as well: lateral chromatic aberration and 
longitudinal chromatic aberration. Their effect is the differential focus¬ 
ing of different wavelengths (colors) of light. 

Aberrations are dependent on curvature, thickness, refractive in¬ 
dex, separation, and aperture position. Lenses for motion-picture pho¬ 
tography come f rom different groups or designs, according to different 
intended purposes: primes, zooms, wide angles, and telephotos. They 
address low light, versatility, coverage, and power, respectively. Be¬ 
cause of this, different lenses have different weak points and strong 
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points to be aware of. Well look at this when we consider lens types. 
Hut .ill aberrations are always present to some degree. What are they? 

Spherical Aberration (SA) 

Spherical aberration is a condition of a lens that does not give stigmatie 
imagery. In Webster’s Third New International Dictionary: Stig¬ 
matic 4: anastigmatic —used especially of light rays intersecting at a 

single point. 1 ’ With spherical aberration, light rays do not all focus at a 
single point. 

As SA affects the entire image, it follows that SA (W^r 4 ) depends 
on the zone of the pupil, and not on azimuth or field angle (incident 
ray angle). From this it follows that longitudinal spherical aberration 
(LSA) and transverse spherical aberration (TSA) will be seen. See Figure 
1 - 11 . 

The principal effect is that marginal rays will be brought into 
closer focus \ han will paraxial rays. The refraetivity near the edge of a 
spherical lens is greater and so it affects marginal rays to a greater ex- 





Figure Ml, Spherical aberration (a transverse ray aberration) results from variations in re- 
fractivity bv dif ferent annular zones of a lea's chief ray (-) and skewray (.5) as they pass 
through different zones. Their images are displaced horizontally and vertically by Ax' and Ay'. 
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■ differing focal points of paraxial and margi nal 

tent. A zone intludi g ‘ zonc ^ ca lled a “caustic." Instead 0 f 

a zone of best focus. It depends on how 
a position of fix ft Rcnu . m bcr, as we close the diaphragm, We 

stopped down the (he lens , restricting those pesky 

constrict the entrance txit pnpn 

“*** . . . 


th*i flpfrft 


Coma 


.ike SA, coma does not give stigmatic imagery. Unlike SA, coma does 
, 0 , aflect .he entire image. Coma interacts pnst.tv.ly w.th degree of 
icld angle of incident rays. Considered the most troublesome aberra- 
ion it Is the failure of each annular zone of a lens to give identical 
medication. Its asymmetrical effect and its own asymmetrical image 
;ive it its name, which comes from the Latin word for comet. See Fig- 

ire 1-12. . -I.. 

The shape becomes evident as the field angle increases. Light that is 

ncreasingly off-axis is refracted differently as it passes through differ- 

nt Inns znm-s. The direction of the tail, either toward the axis or away 


from the axis, is referred to as positive coma or negative coma, resptc 
tively. Simply, a point on-axis will image as a point. Imagine we are a 
piece of film, looking out through the lens. As we look at points up and 
to the right, or down and to the left, or points in any similar relation¬ 
ship to the lens, these points would be developing comet-like tails, to 
varying degrees. Object images would not be focused in one place or 
even one plane. The shape of coma is not fully seen two-dimensionally, 
as a piece of film in a film plane sees. Coma exists three-dimensionally 
in space. If we moved the film plane back and forth, or turned the heli¬ 
cal fucus collar, we would see differing shapes of this off-axis aberra¬ 
tion. It helps to imagine cones of light and the film as a knife blade 
slicing through them cross-sectionally. A lens that is corrected for 
spherical aberration and coma is called aplanatic. If it is corrected br 
these plus astigmatism, that lens is anastigmatic and is sometimes re¬ 
ferred to as an anastigmat. 


Astigmatism 

Like spherical aberration and coma, and like its name, it docs not give 
stigmatic imagery. Astigmatism is the failure of all points of an object 
to focus in the same image plane. The location of an object point’s image 








OBJECT 


Figure 1-12* 

(a) Geometry of the formation 
of coma* (b) Paraxial, zonal, and 
margina l regions of a lens, (c) 
The three regions’ contribution 
to coma. 



IMAGE 





focal plane will be different if off-axis rays of light from this point 
travel in planes that are oriented vertically or horizontally* See Figure 
1-13. 

For this explanation* we’ll refer to vertical (longitudinal) planes as 
meridional planes. Horizontal (lateral) planes will be called sagittal 
planes* A lens is a symmetrical section, cut from a sphere, which is also 
symmetrical. If we were to choose a symmetrical point on this lens, it 
would be in the center of the lens* If we were to pass a ray of light 
through this point and symmetrically through the lens, that ray would 
also bt* traveling on-axis. That ray would define the intersection of a 
meridional plane with a sagittal plane that are orthogonal to each 
other. That is, the two planes intersect at right angles* Now, if we were 
to imagine the sliced cross section of lens that each on-axis plane makes 
at its intersection with the lens, we would see two symmetrical cross 
sections of the lens* Each plane contains the optical axis of the lens. Each 
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Figure 1 * 13 . Rays traveling in meridional (tangent ial) and sagittal planes encounter different 
“shapes" of the lens and are refracted to different degrees. The appearance of a spoked wheel 
subject (P), imaged at the sagittal (S), circle of least confusion (C), and tangential (T) foci. 


contains the chief ray, which is the central ray of a bundle of light, 
emanating from a point. The object points, whose rays travel in each of 
the two planes, will focus in the same image plane, because they en¬ 
counter like sections of the lens. They are refracted identically) appro* 
priately, accordingly, and respectively (phew!). Now, let’s choose a 
point off-axis. This is where the problems arise. 

Let's take a point from the top of an object. These rays in the 
meridional plane are now traveling at an angle, and are thus passing 
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through a different part of the lens that is asymmetrical. Here the lens 
is of a different shape than is the seetion of lens through which are 
passing rays traveling in the sagittal plane. The cross section of this in¬ 
tersection is symmetrical compared to the cross section of the lens, de¬ 
fined by the intersection of the meridional rays. Now the meridional 
plane contains the optical axis. The orthogonally oriented sagittal plane 
no longer does, but it still contains the chief ray. So off-axis points of 
light from an object, after passing through different parts and different 
shapes of the lens, are refracted to different degrees and focus in differ¬ 
ent planes. Their images do not focus in a point. This is astigmatism. 
Light rays traveling in meridional planes focus closer into an image 
plane that is different from the image plane into which are focused 
light rays traveling in a sagittal plane. These focus farther from the 
lens. The distance between these is called the astigmatic difference* It is 
the difference between the intersection of the chief ray with the 
meridional, or tangential, image plane, and that of the sagittal image 
plane. It increases rapidly for increasingly oblique rays. (See Figure 
l-15a.) 

To further aid in your visualization of this inability of off-axis 
light rays, traveling in perpendicular planes, to focus at the same dis¬ 
tance behind the lens, let’s relax and close our eyes. Imagine that light 
from a point fans out into two planes, at right angles to each other. Re¬ 
member, the vertically oriented plane is called meridional; the hori¬ 
zontal plane is called sagittal. Light traveling in these two planes strikes 
the lens. Each plane of light is refracted differently, and because of re¬ 
fraction each plane is narrowing down. Let’s imagine that we can step 
inside t he lens. The edges of each plane are getting closer to each other. 
But they are focusing and narrowing at different rates, due to differen¬ 
tial degrees of refraction. The meridional plane will focus into a point 
before the sagittal plane narrows into a point. The meridional, or tan¬ 
gential, plane is focusing down faster. The convergence of the triangu¬ 
lar-shaped sections of planes would first describe an ellipse. This would 
be an oval lying on its side. It’s on its side because its major, or longer, 
axis is the horizontal axis. This is because the horizontal sagittal plane 
is focusing down to a point at a slower rate. The focusing sagittal 
plane’s edges are still farther apart than are those of the veitu-il 
meridional plane. Remember the distances between the respective 
planes’ edges are the lengths of the two axes of the ellipse. In our mind, 
we move farther down along the focusing path of the two planes. Its 
kind of cool in here, isn’t it? And look at how clean everything is. In 
front of us.,.Bam! The door slams shut. The faster, closer focusing 
meridional plane has focused. The length of the vertical axis is zero. 
The sagittal plane has not focused yet. It still has width. The horizontal 
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axis still has length greater than zero. The image behind . 
which has no height, only width, is a two-dimensional line. T his J>> 
that we see in front of us is the sagittal image plane. Let’s step 0y ^ 
and keep going. Rays of the meridional plane have crossed at their*** 
cus and are diverging again. The vertical axis is growing again as th 
horizontal sagittal plane continues focusing down. As its vn ij ( ) | '' 

grows, the shrinking horizontal axis reaches a point where its length*' 5 
equal to the vertical axis, forming a circle. This is the circle of leastco,^ 
fusion. It exists in the zone of best focus in the astigmatic lens. Let’s kee 
going. As the meridional plane is now still widening, the sagittal pi ar ? 
is still narrowing. The vertical axis is now longer than the horizontal 
axis. We see an ellipse with its major axis in the vertical pl ane . 
walls on our sides are closing in, and up ahead there is a vertical line at 
the point where the sagittal plane lias focused in its image plane. The 
diverging meridional plane has gained some length in a vertical direc¬ 


tion. From here the rays continue on to infinity. I forgot to tell y ou 
there was no camera at the back of the lens. 

There’s a test for astigmatism, but first let’s go for a bike ride. Be¬ 
fore we go, let’s take a picture of the bike’s front wheel. (See Figure 1-13 
and Figure 1-14.) Uh oh, it looks like your camera has an astigmatic 
lens. The rim appears sharp, but the spokes are out of focus. Let’s re¬ 
focus the lens and take another picture. Now the spokes are sharp, but 
the rim is out of focus. If we try a middle focus, we find we can never 
get true focus on spokes and rim at the same time. The spokes and the 
rim are at right angles to each other, and the light rays emanating 
from them travel in planes that are at right angles to each other. The 
meridional and sagittal planes and the rays traveling in these ortho¬ 
gonally oriented planes encounter different shapes of the lens. The 
light is refracted to differing degrees and focuses in different places. If 
the film plane of our camera is moved to the closer focus, at our hori¬ 
zontal line, we see focus at the tangential plane. The rim is in focus. As 
we move our film back to our circle, rim focus is degraded and spoke 
foi us improves, but both are soft. As we move the Film back to the far¬ 
ther focus, where the vertical line is, we see focus at the sagittal image 
plane. The spokes are in focus. You’re now an expert on astigmatism. 

No one except an optical engineer understands it better than you. Let’s 
get out of here. (See Figure 1-13.) 

Oh, no. There’s more? Just a little bit. We’re near the end of the 
most technical chapter, which is the most technical part of the book. So 
it s just going to get easier from here, and you’ll be able to answer ques - 

" l! ^' M ,llls '''■ 111 v Y° u II be able to undei Maud part of volic job 
on a theoretical basis, rather than just doing it by rote, like a monkey* 
Do surgeons operate because they know it cures patients, “just because,” 
without understanding why it works? Sometimes, yes. 
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TEST PATTERN LENS 


Hjjun* 1-14. 

Test for astigmatism. 



MERIDIONAL 
FOCAL PLANE 



SAGITTAL 
FOCAL PLANE 


Curvature of Field (COF) 

A lens can be corrected for spherical aberration, coma, and astigmatism 
and yield stigmatic imagery, but it will tend to want to focus these m<. 
clean images onto a curved field. Image fields are rendered as image 
shells that are paraboloid in shape. The shell is called a Petzval surface. 
It only approximates being planar for an on-axis ray. This is a ray trav¬ 
eling from the central point of an object, or from infinity, and imaging 

centrally in the focal plane. 

The shape of a Petzval surface, in a positive (converging) lens, 
which is what we use, is like a dish with its edges dishing toward the 
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practical considerations of motion-picture photography (real imaging) 


longitudinally different planar intersections of the same parabohcally 
shaped Petzval surface. In astigmatism, light rays traveling in planes at 
right angles to each other, tangential or sagittal, are focused in different 
image shells, tangential or sagittal. In correcting for astigmatism, one 
hopes to get the locations of T and S shells to coincide and have that co¬ 
incidence occur near the Petzval surface. Then, correcting for curva¬ 
ture of field, one tries to move the T, S, and Petzval surfaces near to the 
location of our Gaussian (ideally really flat) image plane. 

Lenses are thus corrected by applying appropriately negatively or 
positively shaped lenses to the lens system. Most often plano-convex 
field flatteners arc applied to positive converging lens systems, near the 
focal plane. (See Figure l-l5b and Figure 1-17.) This causes one of our 
image shells to reverse its direction, intersecting the other two. This 
produces a “usefully” flat image surface (net focal length) that is big 
enough around to produce a photographable image at the focal plane. 
Flatteners (negative diverging lenses) are added to a positive lens sys¬ 
tem, alleviating curvature of field. (See Figure l-15c.) 

COF can occur when a lens is focused close. A macro lens is an exam¬ 
ple of this. Curvature in a lens like this increases with magnification. 
The curvature is a function of Y in this equation for the diameter of 
circle of least confusion (best focus) D = Y73FN. Y, being the vertical 
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Astigmatism and cur va¬ 
tu re of field, 

(a) image surfaces: 

T = tangential surface 
S ^ sagittal surface 
p ^ petzval surface 
G = Gaussian image plane 

(b) Mani pula 4 ion of S and 
T surfaces to give a Hat¬ 
ter field, 

(c) Astigmatism correc¬ 
tion yielding a net image 
plane- 







axis, obviously increases with magnification, N is relative aperture, and 
f is focal length. 

So what? Maybe at your next prep, you'll sound a little mor e com¬ 
petent when you detect minor off-axis focus shifts. Hah! Maybe the \ 11 
dig you up a more corrected lens. If not, stop down. And maybe you’ll 
appreciate the need to be a little tougher in your lens checks when 
you’re working for the DP who likes to shoot at four foot-candles. Can’t 

stop down then, can you? 

In a lens corrected for SA, coma, astigmatism, and COF, there still 
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l'iglirr 1*16. 

More distall)' off-axis object 
points arc focused as image 
points closer to the lens. 




can exist optical distortion. This lens gives stigmatic and planar images. 
But they’re not orthoscopic. 

Optical distortion is also called curvilinear distortion. There are 
two types: barrel distortion and pincushion distortion. Barrel distor¬ 
tion yields a square, right-angle test grid as an image that has convex 
edges and is shaped like a barrel. Pincushion distortion renders test 
chart edges concave. 


Distortion 


Distortion is a variation in the linear/transverse magnification across 
the image field. The amount of variance in magnification is a cubic 
function of the image height, or radial distance from the axis, fhe ex¬ 
ponential effect is seen in the accelerating and decelerating shape of the 
curves of the edges, as it affects a test grid, See Figure 1-18. (Hey, kid..- 
Exponential/logarithmic: graph an exponent and the line will curve. 
Psst... Accelerate/decelerate: an increasing or decreasing rate of change 
occurring over time, or distance, or both.) Some people say it’s all the 
same, anyway. But hey! It’s all relative, right? 
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Figure 1-17* 

Field 


CORRECTING PETZVAL CURVATURE 

FOCAL PLANE 


Interestingly, the cause of distortion is the same as the partial cure 
for the foregoing aberrations we’ve discussed: the aperture. More ex¬ 
actly, in a simple lens system, it is the position of the aperture stop. See 
Figure 1 - 18 . If you place the aperture in front of the lens, you get barrel 
distortion. If you place the aperture behind the lens, you get pirn ush- 

ion distortion. 

The reason has to do with where light rays are allowed to travel by 
the aperture. In a lens with an aperture right at its surface, or no aper¬ 
ture at all, the chief ray is allowed to pass through the optical center of 
the lens. It is refracted, though essentially not deviated. It continues on 
to image at the proper Gaussian point in the image plane, as do all the 
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Figure 

Geometry of Curvilinear Distortion; 

(1) Orthoscopic stop at lens. (2) Ortho- 
scopic symmetrical design. (3) Barrel 
distortion: stop in front of positive 
lens. (4) Pincushion distortion: stop be¬ 
hind positive lens. I he chief rav 
passes through the center of the lens. 
The aperture positions in (3) and (4) 
allow onlv rays passing different areas 
of the lens causing distortion. Re¬ 
printed from Sidney F. Ray, Applied 
Photographic Optics: Imaging Sys¬ 
tems for Photography, Film and 
Video. London: Focal Press, 1988, p. 7fl. 



Figure l*18b. 

(fptical Distortion: The lens L with pu¬ 
pils Ej, and E* forms an image Y of 
off-axis object point P. The radial dis¬ 
tance r is altered by distortion length Ar 
to give image height R. Principal ray an¬ 
gle 9 is altered to 0 by pincushion distor¬ 
tion. Reprinted from Sidney F. Ray, 
Applied Photographic Optics; Imaging 
Systems for Photography, Film and 
Video. London: Focal Press, 1988, p. 79. 


* 


















































































The Lens 



Tlgurc l- 18 c. 

Symmetrical aperture nmiHnn 
distortion, V Position corrects 


LENS 
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APERTURE 


PINCUSHION 


LENS 
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BARREL 


a ,e r id ,he chirf 

■> oi .i oundle. here is distortion-free, orthnsrnnir im¬ 
agery. Now let’s, just for giggles, move the aperture an appreciable dis¬ 
tance away from the lens, either in front or behind it The chief ray 
travels through the aperture and through the optical center of the lens 

3S j \u ^ 6 remainin S ra y s do not and are thus refracted differently 

an the image is magnified differently. Now these rays image in a dif¬ 
ferent Gaussian image point than the chief ray, which is imaging in the 
same point as it was before. (See Figure 1-18.) 

Simple, right? Not really, because photographic lenses are not a sim¬ 
ple system of thin lenses. They are complex systems of many elements. 
Also, an aperture isn’t necessarily the iris we control the T-stop with. 
And the center of a lens can exist outside the glass! This is one reason 
why the damn things cost so much! ’Cause they’re like magic and hard 
to understand. I think wizards make them. And to add to the confu¬ 
sion, stopping down does not alleviate distortion at all. So what do we 
do to cure this problem? 

Distortion is most commonly seen in telephoto lenses and retro- 
focus wide-angle lenses. Both types of lenses are compound lens systems. 
In a telephoto lens, the rear group acts as an aperture to the front 
group, giving pincushion distortion. In a retrofocus wide-angle lens, 
the f ront group acts as an aperture to the rear group. This aperture po¬ 
sition gives barrel distortion. Look through a pair of binoculars back¬ 
ward sometime. A zoom lens can show both types of distortion as it is 
adjusted from its telephoto range to its wide-angle range, or vice versa. 

Lenses arc made of many lenses, and their relationship contributes 
to determining aperture position. Lenses and apertures can be arranged 
in a symmetrical way, such as an aperture between lenses. Here, one 
condition is counteracted by the other. See Figure 1-18. What about the 
iris? They try to place it where rays are crossing, and so it’s out of the 
way of those pesky light rays. Designers often move it around for con¬ 


venience. 
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Optical distortion is unlike other forms of distortion, and it is a tr U( . 
aberration. This form of distortion is caused by the optical physics 0 f 
the lens and its relationship to the aperture. Other forms of distortion 
are created by factors that are more mechanical than optical. Some 0 f 
the other kinds of distortion are geometric distortion, created by angle 
of view. This shows as convergence or divergence of parallel lines. Ar¬ 
chitectural cameras have orientable lenses and film planes to comp en . 
s ite for this effect. Perspective distortion is created by parallax of view 
over increasing distances (apparent distance compression). Subject di s - 
tortion results from synchronization of shutter speeds with subject 
movement. Camera movement is also interactive here (strobing). Man, 

do you know distortion! 


CHROMATIC ABERRATION 

The order of presentation of the previous imaging defects is also the 
order in which they are corrected. But finally there can remain chro¬ 
matic aberration. The foregoing Von Seidel abenations may be cor¬ 
rected for, and chromatic aberration, though not corrected for, will not 
become apparent in monochromatic (single-color) light. But the real 
world is not in black and white, nor is it of a single color. It is really a 
combination of varying wavelengths and frequencies, with greater em¬ 
phasis on certain bands than others in certain situations. The portion of 
the electromagnetic spectrum available to our senses is a small one. The 
visible part of the spectrum is even smaller. Imagine being able to dial 
down our perception to see infrared, or dial up to hear ultraviolet. 
This, by the way, would wreak all kinds of hell. 

So let’s take white light. Like white noise, it is made up of all fre¬ 
quencies/wavelengths of the visible spectrum. So in monochromatic 
light, our fully corrected lens is forming spatially correct images, in a 
focal plane, of point objects at any and all field angles. Let’s switch to 
white light. Things don’t seem quite sharp. We have failed to take in 
the dispersion properties of glass and especially those glasses that make 
up our lens. Glass has different refractive indices with respect to differ* 
ent wavelengths of light. And different glasses have different disper¬ 
sion characteristics. The lens forms an image for each color of light 
present, and the total image becomes blurred. This is chromatic aberra- 
tion: the differential refraction of different colors of incident light 
through different angles. Let’s look at the last sentence and break it 
down: “differential refraction (a function of focal length) of different 
colors (wavelengths) of incident light through different angles.” W e 
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1 . ^ree factor® refraction, local length, anti wavelength. They are 

related in the following way. 5 y 

■ 1 1 ,^ n ° U re fractivity is inversely proportional to fo- 

, * n * n chromatic aberration, focal length is proportional to 

wave eng So refractivity is (also) inversely proportional to wave¬ 
length. This means that the refractive index is higher with shorter- 
wave engt ( lue-end/high-frequency) light. The refractive index is 
ower wit onger-wavelength (red-end/low-freduency) light. Blue 
(short-wavelength/higher-frequency) light is focused closer (shorter 
focal length/higher refractive index) than is red (longer-wave- 
ength/higher-frequency) light Following this, we have, simply: re- 
fractive index/focal length of lenses is wavelength dependent in lenses 
not corrected for chromatic aberration. White light passed through a 
prism (i etnt mbt r, a lens is the shape of an infinite number of prisms) 
will form a primary spectrum, giving primary chromatic error. See 
figure 1-19, Dispersion is the same through a prism or a lens, so we 
know that (.A is independent of surface curvatures. 

I here are two types of CA: longitudinal chromatic aberration, 
which is sometimes called axial chromatic aberration, and transverse 
chromatic aberration, sometimes called lateral chromatic aberration. 
LCA is a lateral color shift. 

In longitudinal chromatic aberration, blue light focuses closer than 
does red light If a beam of light could be viewed from the side, a linear 


A (nm) 




ligurr Primary chromatic error is demonstrated by a prism. 
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image along the optical axis will change from blue, through the colo r 
spectrum, to red as the beam moves farther away from the back of th e 

lens. 

From the front view of a focal plane, this longitudinal form of th e 
aberration manifests itself laterally. Remember, focusing bundles of 
light rays can be thought of as cones of light. As the blue cone focuses 
c loser, it fits inside the red cone. Viewed from t he back, or base, of these 
cones, the focal plane renders a series of different-colored circles. The 
blue circle is the smallest in the center. The circles increase in size out 
to red, which is the largest on the outside. See Figure 1-20. 

Let’s take a closer look and step back inside our theoretical lens. Ac¬ 
tually, let’s exit the rear lens node and walk back toward the focal 
plane. We see, from the rear, the backs of cones of vai ious-c olored light. 
Imagine yourself walking down the axis line of figure 1-20. We are re¬ 
ally already inside the cones of light. The blue cone is narrowing 
sooner and faster than the red cone. Up in front of us, it is merely a 

point of pure blue light. Let’s go there. 

Here at the focal point of blue light, a red circle extends over our 

heads, around us, anti below us. Up ahead we see where the red cone fo¬ 
cuses to a point. Let’s go there. 

Here at the focal point for pure red light, we see a circle of pure 
blue light. It extends over our heads, all around us, and below us. The 
blue light rays in the cone-like bundle have crossed at their focal point, 
behind us and closer to the lens node. The rays of blue light and the 
blue they form are expanding again. See that each disk or circle of 
light, imaged at the other color’s focal point, is of approximately the 
same radius, respectively. See Figure 1-21. 



figure 1-20, Longitudinal chromatic aberration. 
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LONGITUDINAL CHROMATIC ABERRATION 


BLUE IMAGE PLANE 


RED IMAGE PLANE 



CROSS 


SECTIONS OF CONES OF LIGHT YIELD DIFFERENT-COLOR, 
DIFFERENT-SIZE IMAGE CIRCLES 


Figure Ml. Top longitudinal chromatic aberrat ion. Bottom: cross see,ions of cones of light 
yield different-colored and different -si zed image cue es. 
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Sphero-chroniatic Aberration 

Chromatic aberration may combine with spherical aberration, influ, 
encing image height ot a colored ray. This is called splitro-ihromatic 
aberration. In a zoom lens, SCA tends to be proportional to focal length, 
SCA and focal length tend to increase with each Other. See Figure 1-22. 


Transverse Chromatic Aberration (TCA) 

and Longitudinal Chromatic Aberration (LCA) . 

Transverse chromatic aberration, or lateral color effects, is seen off the 
optical axis of a lens. Longitudinal chromatic aberration is a change in 
image position due to wavelength. Transverse chromatic abet i .ition is 
associated with a variation in focal length, hence magnification, with 
wavelength. As with distortion, a function of transverse magnification, 
TCA can be thought of as the chromatic equivalent oi distortion. In 
TCA, an off-axis point of white light will image various wavelengths of 
light, red through blue, at different heights from the axis and different 
magnification with different wavelengths. Like distortion, the effect of 



Figure 1-32. SCA combines variable refraction 

chromatic error. 


by zone (spherical aberration) with 
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FCA is an aberration that is oblique and nonsymmetrical. See Figure 
1-21 and Figure 1-23. 

Tht i it l ies in I igure 1-21 show the fractional change in magnifica¬ 
tion. T e relationship is proportional to that of the similat triangles in 
tin s.Hin diagram, which are formed by showing the focus of point im¬ 
ages in ue P(b), and red P'(r), as light from object point P passes in an 
undeviated ray (UR) through the center of curvature at C. Different 
colors (wavelengths) that make up the light from object point P are 
magnified differently and are located and focused transverse! v. 

The prat tical upshot is one of image points elongating into spectra. 
Proportionally, the effect increases with height off-axis. In TCA, the cir- 
i le of confusion, as it is distorted, is rendered as a colored patch. 

Like L(.A, rCA increases as focal length increases. LCA can be cor- 
n i led using achromatic doublets. The two glasses, say crown and flint, 
having different dispersion characteristics, cancel out the effects of each 
other. Dispersion characteristics of different glasses are nonlinear (no 
uniform rate of change from frequency to frequency). The terms “long” 
and “short” are used to refer to different optical materials, according to 
the length of the spectra they form. 

LCA can be mostly corrected out. TCA is harder to correct for and 
remains the primary limiting factor to long-focus lenses that are other¬ 
wise highly corrected. 

Achromatic correction is still the answer, though, to TCA. Also 
combining a polished mineral lens, such as those made from lab-grown 
fluorite crystals, makes an achromat capable of correcting up to three 
colors. Like combinations of three or more glass lenses can correct up to 


Figure 1-33. 

Off-axis point of 
white light images 
different wave¬ 
lengths at different 
Heights from the 
axis. 
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four colors. As correction goes up, the cost rises dramatically. This can 
be a limiting factor in and of itself. 

The simplest, after-the-fact, in-the-field cure to all aberrations ex¬ 
cept distortion is stopping down. At smaller apertures, a greater po r , 
tion of light used passes through the center of the lens. I his is the best 
part of the glass in a lens. Stopping down increases depth of field. This 
increases focus, not sharpness, but image degradation due to aberration 
is minimized. However, as stopping down is continued, past a point, to 
smaller apertures, contrast and sharpness begin to suffer as the effects 
of diffraction arise. (To better understand aberrations, consult Applied 

Photographic Optics by Sidney F. Ray.) 


DIFFRACTION 


Diffraction simply is a blurring of an image due to light spread as it 
passes next to and interacts with the physical edges of the aperture in 

the lens. 

This niav occur in long lenses outside, where small apertures are 
used to increase the depth of field and to expose properly in excessive 

outdoor light. 

Light travels in a wave motion rather than a straight line. When it 
passes through a tiny aperture, it spreads out into the geometric 
shadow region. The actual edge of the aperture produces secondary 
wavelets. In a circular aperture, like that in a lens, we get concentric 
light and dark rings around a central bright spot. The light rings di¬ 
minish in intensity with distance from the center. 

Diffraction increases as apertures decrease, because at smaller aper¬ 
tures there is a greater percentage of light diffracting at the edge. This 
is because the light at the edge makes up a larger percentage of the total 
area of light passing through the aperture. 

To make a crude, but demonstrative picture of this, let’s let the edge 
of the aperture be represented by the formula for the circumference of 
a circle: C = itD. 

Let the light passing through the aperture be represented by the 
formula for the area of a circle: A = nr 2 . 

Now let’s plug in some numbers that are easy to use for our hvpo 
thetical apertures diameter. How about the number 1. Most assistants 
know can count that high, though producers might argue this. 

So a "speed” lens at T1.4 has a diameter of L D = 1. 






O nD = C - 3.14 x 1 = C - 3.14 
A = nr 2 = A = 3.14 x (1/2 f = .705 
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I he ratio of the circumference to the area is 


C/A = 3.14/.785 = 4 

Now lets stop down to TIG. This is seven stops down from T1.4. 

Let’s assign the number 1 to represent the amount of light at T1.4. Now 

as we stop down we halve the light intensity at each decrement. See 
Figure 1-24. 

C = nU = 3.14 
A = jtr 2 * .765 
AE = 3.14/.785 = 4 
E = aperture (entrance pupil) 


Ratio of C/A at T1.4 = 4 

C = tcD = 3.14 x 1/128 = .0245 

A = ttr 2 = 3.14 x (1/25G) 2 = .0000477 = C/A = .0245/.0000477 = 513.62 

Increase in Amount of Diffracted Light 

126 TIMES = 513.62/4 = 128.4067 


If we represent the number of stops we have decreased the aper¬ 
ture by with an exponent, we can write 2” - 1, in the interest of simplic¬ 
ity. 

If 2° = 1 at T1.4 and we close the aperture seven stops, we get 
2 7 = 1/27 = 1/128 


T-stop 

16 

It 

8 

5.6 

4 

2.8 

2 

1.4 


2- 7 

1 / 2 7 

2~t 

1 / 2 ' 

2* 

1/2* 

2 ~* 

1 / 2 * 

2 ^ 

1 / 2 3 

2 -* 

1 / 2 * 

2 -’ 

1 / 2 ' 

2 ° 

1 / 2 ° 


Amount of Light 
1/128 
1/64 
1/32 
1/16 
1/0 
1/4 
1/2 
1 


Figure 14W. The exponent equals the number of stops 
aperture is decreased by. The amount of light is halved 
with each incremental decrease in stop. 







So there is l/128th the amount of light passing through our a p er . 
ture at T16. 

And to get this, we have diminished our formula to l/128th of'jf s 
original value. So we have diminished our diameter by 1/128. 


D x 1/128 = D/128 

So if previously D = 1, now D = 1/128. 
So in C = irD, we have: 


C = it x 1/128 = 3.14 x 1/128 C = 3.14/128 = C = .0245 


And in A = Jir 2 , we have: 

A = 1*1/256 f = 3.14 x (1/256) 2 = .0000477 
The ratio of circumference to area at T16: 

C/A = .0245/.0000477 = 513.62 

So at T1.4, the amount of light available for diffraction at the edges can 
be represented by 4. At T16, the amount of light available for diffrac¬ 
tion at the edges can be represented by 513.62. 

So now comparing diffraction numbers at T16 with diffraction 
numbers at T14, we have: 

Diffraction # at T16/diffraction # at T1.4 - 513.62/4 and 

513.62/4 = 128.4067. 

So at T16 from TL4, the amount of light a vailable for dif fraction at 
the edges of the aperture is increased approximately 128 times! See Fig" 
ure 1-23, 

Diffraction is the effect of light traveling through small apertures, 
hut also it is the effect seen when light travels around small barriers. 

Sometimes this degradation is used to advantage or disadvantage bv 
DPs, who wisely or foolishly place “nets” near the back of lenses for 
purposes of diffusion. As the light travels around the tiny barriers, sec* 
o nriar} u.nrlfis are formed. I best* tend to diffuse our image, pond 

wise. But the light is also diffused slightly by its component colors. It i® 
refracting. 

A physicist’s zone plate made up of tiny slits can be assigned a focal 
length. Imagine a lens without glass. But more interesting, or at least of 
more use to you, is that the guy who likes to monkey with nets is often 


w 


rp i 
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Whip tv? S W ^ e8 to U8e ^ ots °f Alters. Including colored ones like 

blue through red... So? 

Different wavelengths ot light interact differently with barriers 

i‘ 1 7 Kf ' S ‘ ^geT-wavelength light (red) travels around obstacles with 

ZtZTT ^ d ° eS ^ter-wavelength light. This is why ultra- 
. " 5 ° scatter into shadows, giving them a bluish cast. This is 

consent with Huygens’s treatment of diffraction, but save that for 
coc ai parties. No one will believe you, anyway. Now back to more 
useful stuff. The interaction effect of small apertures, nets, and colored 
filters may come to some consequence if all variables are combined at 
extreme va ues. Due to wavelength interaction, you may want to sug¬ 
gest the most optically desirable position for the use of colored gels in 
front of or behind a net that is used. This allows you to increase or di¬ 
minish a desired effect or an undesired artifact. If only certain options 
for position are available, you can at least know the potential effects. 

The pei feet lens is diffraction limited. The perfect lens does not ex¬ 
ist, at least not in cinematography. There are lenses closer to this theo¬ 
retical limit in some kinds of reproduction. A diffraction-limited lens 
would be corrected to the point where its minimum blur circle is equal 
ii> tht theoretical minimum blur circle (of confusion). Residual aberra¬ 
tion in the lens will make the circle larger, but no degree of correction 
can make the circle smaller than that dictated by its aperture. This is a 
diffraction-limited lens. There is, however, a zone/range of optimal 
performance of a lens that exists between its aberrational limits and its 
diffractional limits. 

This discussion also implies an optimal T-stop range on a lens, be- 
t%veen aberrational large apertures and diffractional small apertures. 
Look for it at prep. Be able to suggest it. 


LENS TESTS/LIMITATIONS 

So that’s the story of lens performance in sharpness and resolution, 
technically* But the perception of these factors is human and therefore 
subjective. People go to see movies, not images on test charts. Resolution 
is also a function of contrast. A lens of high resolution, as measured on 
a test chart, can give a seemingly very-low-resolution performance 
when viewing distant objects with low-contrast detail. 

A lens, though a scientific instrument, is often used creatively to 
tell a story, set a mood, even explore a feeling. So using more organic 
terms, let’s talk about impression by experience. 

A photographer develops a feel for a lens. A good director docs this 
too. Almost on a subconscious level, he assesses a lens empirically, 



















through using it many times— looking through it and photography 

with it. , 

But as a rule in filmmaking, where camera systems are rented and 

not owned, the same lens is not used by the same cinematographer re¬ 
peatedly. Here a DP uses a type of lens repeatedly, not a particular lens. 
He becomes aware of desired and/or undesired characteristics of a type 


of lens. 
Lens 


tests like photographing lens charts and newsprint are of li m . 


ited value. But watch this. 

Let the hypothetical resolution of a lens be 50 lines per millimeter; 


R = 1/50 

Let the hypothetical resolution of a photographic emulsion be the 
same: 


R = 1/50 


The value for film emulsions is found through an edge test. An object’s 
image is not rendered onto the film by a lens, but by an edge physically 
placed against the film. Light is then projected onto the film and the 
resolution of this “exposed" edge is measured. Photographing light 
through a lens and onto a photographic emulsion causes the combina¬ 
tion ot the resolution values for the lens and the emulsion, giving us: 

1/50 + 1/50 = 1/25 


We’re down to 25 lines per millimeter. The lens test itself proves a lim- 
iting and diminishing factor in determining resolution. Still, it might 
t,i\< an approximation of lens performance with a particular film 

stock, at a desired T-stop, that a DP is interested in using on a particular 

shoot. 

But to exactly quantify a lens? One formula proposes that the reso¬ 
lution of a lens is a function of the relationship of an f-stop number to 
the wavelength of light. 

R - (f-stop#/wavelength) mm 

°nly an approximation is possible due to the large variation between 
i ed light at 700nm (nanometers) and blue light at 400nm. 

R = (f-stop#/ 2000 ) mm 
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If \ ou plug in the numbers* with a lens set to f4: 

R = 4/2000 = l/500mm 
I wish. 

At fB we have: 


R - 8/2000 ~ l/250mm 

Now let’s look at large apertures. Everybody likes fast lenses. Things re¬ 
ally fall apart at f2: 

R = 2/2000 = 1/I000mm 

Lenses can’t even approach this kind of performance because of aberra¬ 
tional effects at large apertures. 

At smaller apertures, fl6 yields: 

R = 16/2000 = 1/125mm 

At f32, 

R = 1/62.5 

Resolution is limited by diffraction, but lenses do much better than 
this. We know good lenses perform best in the middle of their aperture 
range. Still, R will be only a bit better than 1/200, or R = 1/200, at the 
time of this writing. These are the tiniest grids on projected charts in 
lens lab tech rooms at rental houses. I he tiniest grid on a prep chart 
used on the rental house floor is 100 lines per millimeter. 

So in photographing lens tests, we go beyond measuring a lens’s 
resolution. Tests aimed at quantifying a lens prove often only to be 
cute, at best. Remember, photographing these charts in tests includes 
the artifact of the resolution limitation of the film’s emulsion as well. 
Other contaminants to the data include camera vibration, ambient v i- 
bration, and the tester’s ability to focus. (There’s that word again.) 

Lenses can be, should be, and arc tested on an optical bench, with 
artificial stars. Hut DPs shoot movie stars, not calibrated object points of 
reference. Artificial stars don’t make people swoon or kids scream. 
There is no practical way for someone other than an optical technician 
to quantify the performance of a lens, but these numbers serve only as 

a jumping-off point. 

Using a lens in the conditions under which it will be used is the 
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GENERAL LENS SURVEY AND 
RELATED CHARACTERISTICS 

Whv lens choice? Somewhere there is a mathematical proof that shows 
that no lens can produce an equally good image at all distances or even 
at two different distances. A lens makes the best image of an object at a 

distance for which that lens was designed originally. 20 

I don’t think the need for lens choice (by directors, DPs, and opera¬ 
tors) is so much based on an obscure and dust-covered math model. The 
need for lens choice is based on two things: utility and art, or speed and 
coverage. Utility is sometimes accommodated by speed, sometimes by 
coverage. Artistic expression can be achieved sometimes by the physi¬ 
cal/optical limitations of apertures, sometimes by the dictates of field 

angle. 

So given relatively comparable high performance, across the board, 
one lens is distinguished from another primarily by its speed and its 

coverage. 

A lens is chosen for the same two reasons. Minimum focus distance 
can be a determining factor. This is, to a degree, tied in with coverage. 

Speed and coverage? Speed or coverage? Primes or zooms? What are 
a DP’s priorities for the task at hand? For low-light situations where we 
want to take advantage of high-speed film stocks, high-speed primes 
are the most likely candidates. For a practically infinite selection of fo¬ 
cal lengths, some fifteen zoom lenses are offered in 3.5mm at the time of 
this writing. Some emphasize wider angles with smaller zoom ratios. 
Some zooms cover a fairly normal range, comparable to focal lengths 
available in a standard set of primes. Some zooms emphasize standard 
to long focal lengths with large zoom ratios. There are vari-focal lenses 
that have been converted to focus “tracking” zoom lenses. This means 
the lenses hold the same focus reference on the lens collar as the focal 
length is changed. Their range usually starts from long and goes to 
very long focal lengths. An example would be the Cannon 150 mm' 
600mm lens, with a four to one zoom ratio. 

Ways to achieve varying coverage at both ends, wide and long, «* re 
through special application lenses such as macros and telephotos. And 
to enhance “reach” capability at both ends, diopters and telcxtcnders 
■tre available. These may be used on zooms as well as primes. Obviously* 
a way to achieve varying coverage, if consolidation of gear is not inn" 
portant and image quality must be of the very highest degree, is to 
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i hange primes a lot. The Hiffar . 

,ui.l pi mies i- ........ ,u r 111 ( l u;illlv between zooms 

, g ™ Wn S more negligible all the time. 

meter. Just ikh, ih^oriH^ froi ” 9,8min U P 20n 'm, every other milli- 
wide-angle eL arc w “ te "V ** ™e 

hardly notieeable, ZZZZZV" 2T* ^ k 

specially designed shadefess f.lter * 

-1.V H..,K lenses, r 

limeters. The 16mm °? l ln i g! fa » ,rallablg every 5 to 10 ndl- 

helical thread an *aa-*- ? H 32mm cIose ‘ focusin S primes allow the 

,wo ,urns ’ decrMS,ns minimum f0 ™ d *- 

ffranh 6 ^ f ° Cal lcngth fr0m 32mm to 100mm P hoto ‘ 

5 JJ', * re f'f 1C J nonobtr usive perspectives. This range contains the 

eng o e normal” lens. The 50mm lens’s viewpoint and cov¬ 
erage are considered most like the human eye’s perspective in 35mm. I 
c an hear some DPs scoffing at this. Well guys, it’s your call. For the 
other formats: divide the focal length by the number of times the de¬ 
sired format goes into 35mm. For 16mm, the factor is two; for 8mm, the 
fat tor is four. This rule applies to focal length conversion equivalents 
between formats oi 35mm and 8mm. Video approximates 16mm. 

From approximately 100mm through 200mm are lenses that are 
often desired as portrait lenses. Their speed and long focal length, com¬ 
bined with their coverage, lend pleasing effects to this style of render¬ 
ing. 


Zoom lenses cut right across this range. A 14min to 70mm zoom is 
fast, heavy, and expensive. The three reasons are engineering, glass size 
(large apertures/wide field angle), and correction. The 20min to 100mm 
or 18mm to lOOinm arc workhorses. They arc 1 the most commonly cho¬ 
sen, due to the high applicability of their focal length range. The 25mm 
to 250mm is a preferred sports and action lens, often used in exterior 
settings for nature documentary material as well. It has practical focal 
range and extends its reach to the lower limits of long-lens capability. 
Competing with telephotos as a zoom lens is the converted 150mm to 
600mm vari-focal lens. Converted to a zoom lens, it holds focus as its fo¬ 
cal length is changed. Flare and fog in extreme backlit conditions have 
been associated with this lens. 

Telephotos and long lenses range from 200mm to 1000mm. Trading 
speed for focal length, maximum aperture can be T5.6 or even T8. Part 
of the drama created by extreme telephoto lenses is due to perspective 
compression, which is a natural phenomenon of distance parallax. 
Distances vanish to a point. Your eye can distinguish between close dis¬ 
tances. This ability degrades with increasing distances, due to the paral- 
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lax effect inherent in viewing them. Apparent distances vanish or con-j, 
press. The difference in apparent differences diminishes on a curve ex¬ 
ponentially as distance observed increases. This is partially why very 
large objects that are very distant seem much closer than they are 
Their great size makes them appear large, even when viewed at l ar g e 
distances. The magnitude of these large distances cannot be judged ac¬ 
curately due to parallax compression. 

A telephoto lens also can single out and create great emphasis on an 
object. This is indirectly due to where the infinity scribe is etched on a 
lens. Lens focus of infinity on a lens doesn t mean the lens is focused on 
what is classically defined as infinity, or forever. The infinity mark is 
the focus of a finite distance from the focal plane. For a particular l ens 
focused at (hot distance, an object receding from OP approaching |} U > 
lens will not appear to change focus significantly. This is why ii you’re 
pulling focus on an object that is approaching you from infinity, y OU 
must not overanticipate the focus pull. Let the lens rest on infinity 
for a while. It works. Many assistants talk about letting an approaching 
object “push” your focus. This is Zen. The infinity setting is like a 
hyper focal distance setting for all stops on a long telephoto, with its 
accompanying short depth of field. You must focus on an object dis¬ 
tance that is very great to achieve depth of field great enough so that 
the far limit extends to infinity. On wide-angle lenses the infinity 
scribe is etched anytime after 12 feet. It is etched after 100 feet on a 
100mm lens. On a 1000mm lens the infinity scribe is etched on the lens 
after the scribe for 1000 feet. Thus at any of these lesser distances, a long 
lens can pick out one object and throw everything else out of focus. I 
think the factory should note a footage etching next to the infinity 
etching. If possible, one should figure out what distance the infinity 
scribe refers to. This becomes important with approaching objects. Re¬ 
ceding object points become so small that they begin to interact with 
the resolution limits of the lens. Thus, it serves no purpose to continue 

to adjust focus for objects receding to a distance past the infinity 
setting. 

Telephoto ane wide-angle lenses achieve their powerful effects at 
their respective ends of the focal range, while still allowing for the 
practical limitations of the rest of the photographic system, by special" 
ized design. Though a telephoto is thought of in a “long lens” category* 
it is physically shorter than a long lens of comparable focal length. F° r 
a wide-angle lens to accomplish its task, its back-focus distance would 
be so short that the rear element would shatter a spinning mirror if 

were not for the retrofocus design. Here are the crude basics of these 

designs. 

How is a telephoto lens physically shorter than a long lens? Its 0 °^ e 
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of emission has hpt>n .. n 

a negative lens behind^he f * '" 0ved forward. This is done by placing 
tively lone harlt r , rt >nt positive lens, This allows for the effec- 

lensel T h "f ESS:**" *“ «* "**- of long-focal-, ength 
the focal Diane tn K ? dlStance between the back of the lens and 
A 2 , greatly reduced - &e Fi S“re 1-25. 

length decreases, lens accom P lishes the s<*. As focal 

cameras wWhTn " back ' focus d ^ance. This can be a problem in 

space considerations, in front at th“ rT’ T ^7 mechanical 

in front nf th„ t , H film pW Placin S a negative lens 

, , tb P° SI J lve lens allows effective back-focus distance to be 

decreased optically leaving room for the rear element to dear the shut- 
F 1 °° m or °ii ltT considerations in the system. See Figure 1-26. 

The retrofocus design was used to allow room for the beam-split¬ 
ting prism in the Technicolor camera of the 1930s. Being a three-strip 

camera, it had multiple film gates, requiring the prism to divide the 
light among them. 


A special-purpose lens at the short end of the focal-length spectrum 
is the macro lens. It allows filming at very short object-film distances, 
giving great small-image magnification. The lens is allowed to bellow 
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Figure 1-25. 

In a telephoto lens, hack focus is opti¬ 
cally increased in a physically shorter 
lens as the node of emission is moved 
forward by a negative diverging lens. 
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Figure 1 * 26 . 

[n a wide-angle retrofocus 
design, back focus is opti¬ 
cally decreased as the node 
of emission is optically 
moved backward bv a nega* 
live diverging lens placed 
in front of the positive lens 
(group). 
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out on a screw mount. Remember, at prep and shoot, the inverse square 
law as it applies to image magnification and light-intensity loss. 

Finally there are special-purpose attachments. Diopters placed on 
the front of the lens allow one to minimize minimum focus distances 
greatly. Telextenders on the back of a lens can effectively double the fa' 
cal length of a lens. 

Diopters and telextenders both enhance coverage. These attach¬ 
ments perform related tasks in that they are usually used to fill the 
frame with an image. They are opposites in their mechanics, work a 
opposite ends of the focal-length range, and are used at opposite ends °* 
the lens. Diopters work in front of the lens and the aperture. Telextefl 
ders work behind the objective lens and the aperture, 

A diopter allows extreme close-up photography. Because the back 
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ocus istance remains unchanged, zooming is possible with no loss of 
xjcus. Minimum focus distances of 5 feet can be reduced to 4 inches. 

.in .ilisolutr r \t, i-nir, arhicvcd with ;i diopter of jxnvei 10. arid 

is not commonly used. Negative diopters are available. They are nega¬ 
tive diverging lenses that push focus away. 

An object plated at the far focus of the diopter sends effectively 
parallel light to the camera. Its image is rendered sharp when the pri¬ 
mary lens is focused at infinity. Varying focus on the primary lens 
gives the limited close-up range. 

The common range of powers of diopters used is +Vt» to +3. Their fo- 
i us i anges ar e 39 to 7!) inches and 10 to 13 inches, respectively. A diopter 
is a positive, converging meniscus lens. A diopter decreases minimum 
focus distance (MFD) because incident angles of rays diverging from an 
object are effectively increased to a greater angle. They effectively 
shorten the focal length of the system. Similar (triangular) convergence 
angles at e increased, decreasing the height of the similar triangles on 
the transmitted side. The height of the similar triangle on the transmit¬ 
ted side of the lens is the dimension of the focal length. In essence, the 
focal point is pulled forward to the image plane. See Figure 1-27. 

The diopter is used in front of the objective lens and the aperture. 
There is no light loss. It allows image enlargement without magnifica¬ 
tion increase. It magnifies the object in object space, not the image in 
image space. There is no accompanying image quality degradation 
found when magnifying central angle aberration and haze as telexten- 
ders do. A diopter allows the objective lens to get close up and enlarge 
objects. But what do you do when you can’t get close and you want to 
make an image really big? Use a teleconverter. 

A teleconverter is also known as a tclextender, range extender, Bar- 
low lens, or matched multiplier. The telextender most often used, the 
2x, while called all the above names, is referred to as a “two times exten- 


Flgtire 1 - 27 . 

A positive diopter increases 
the angle of incidence of rays 
diverging from an object point. 
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der, two x, or doubler." In video it is sometimes called ;i two-x 
(telly). Like the diopter, it is a supplementary lens attached to the p r j, 
mary lens system. It works at the long end of the focal-length rang e 
and at the back end of the lens. The diopter is a positive lens. The tele*, 
tender is a negative or diverging lens system. It is placed between the 
lens and the camera body. The combination of primary lens and sup. 
plementary lens works on the telephoto principle. The primary I ens 
can now be thought of as the primary front group. Light rays are then 
diverged by the negative rear group (telex system). This increases effec¬ 
tive focal length. The telextenders used in motion-picture photography 

range from 1.4x to 2x, most commonly. There is a 3x, but its use is rare. 
Telextenders magnify the height and width dimensions of an image. 
Because this magnification takes place after/behind tht aperture, there 
is light loss, according to image area magnification. Again, it is cal¬ 
culated by the inverse square law, the mathematics of which are 
discussed earlier, for simplicity, open up a stop for each time the x is 

multiplied by the number preceding it. 

A teleconverter’s power is a function of separation distance be¬ 
tween positive and negative groups. See Figure 1-28. 

In the figure, as d decreases, its power increases. But there is also an 
increase in back-focus distance. So the tube of a more powerful telecon¬ 
verter, with a smaller d, will still be longer than a less powerful exten¬ 
der with longer separation d. I think opposites like this are very Zen. 

People still scoff at telextenders, complaining of poor image quality. 
Early designs used fewer elements and produced overcorrection in the 
sagittal plane. Remember, this causes astigmatism and Petzval curva¬ 
ture. Current designs use more elements of better refractivity. Petzval 
curvature is reduced many times to acceptable limits. It’s true that 
telextenders do magnify central-angle aberrations of the primary lens. 
Aberration haze is increased, and this makes for less contrast. Perfor¬ 
mance is diminished, but only slightly. Telextenders give very good 
image quality and are used routinely in big-budget motion-picture 
photography. Sometimes image degradation is sought on purpose, for 
reasons ranging from portraiture to wild expressionism. 

Telextenders are easy to live with. Minimum focus distances remain 
the same. Focus etchings on the lens may experience a slight shift. Focus 
holds true throughout a zoom lens’s entire range. Their use on zooms is 
quite common in sports applications. They’re used on telephotos of U P 
to 1000mm. They have gone in and out of style in big-budget commer¬ 
cial production. They’ve been used in series: a L4x + a 2x + 1000 mm lens- 
Here there is essentially no focus. Images are color swatches. Aberra 

tions become a fool’s concern, and some very dramatic images 
been created. 











59 


The Lens 



Figure 1-28. 

Principle of the Telecon- 
verten (a) Prime lens P is in 
camera body B with focal 
plane F, (b) x2 teleconverter 
T in tube of length f T /2, sepa¬ 
ration d v (c) x3 teleconverter 
in tube of length 4f T /3j sepa¬ 
ration d 2 . Reprinted from 
Sidney F, Ray, Applied Photo¬ 
graphic Optics , 2d ed, [Ox¬ 
ford: Focal Press, 1994). 







i liis treatment of lenses is the most basic of design theory* Modern 
engineering is going out of sight. Zooms will maintain “specs” over the 
focal range and have no light loss or image degradation at any magni¬ 
fication. Movement of multiple lens groups eliminates breathing (opti¬ 
cal zooming with focus change). This has been a qualitative descriptive 
treatment of the basic science of light interaction with lenses, focus, and 
basic lens design. We’ve discussed a little bit about light theory and 
wave motion. We’ve talked a bit about geometric optics, lens function, 
and our core concern of that aspect: focus. We know how to maximize 
focus through an understanding of general and technical considera¬ 
tions of hyper focal distance and depth of field. We’ve discussed lens 
mechanics and lens characteristics. 
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Vou should really have a good understanding of the system that 
the core of your work. You now have a stronger grasp of the sub 18 
than do many assistants who do their job by rote. This is intended * 
give you an edge. Because you understand the underlying theory 
should be able to extrapolate to situations that aren’t cut and dried if 
like understanding math instead of just tables. The world isn’t ;ij u -,, 
x 8 , sometimes it’s (56/16) x (128/8) or (49/7) x (64/8). Your increased 
awareness will help you in prep and in the field, which is where wr 
are going next. 









2 

Focus 


* H 1 s BEFORE, during, and after the shot 

Now we know how a lens works and how we can get it to focus light 
emanating from certain distances. We know what focus is and its basic 
elements: depth of field and hyperfocal distance. We understand, in a 
basic way, aberration, and we know what the rental house or the fac¬ 
tory means when it says “fully corrected ” And we know what a big 
talker means when he says, “I know what circle of confusion means, 
but I couldn’t explain it so you could understand it (at my level)." He 
doesn’t know what he means. We have looked at the technical side of 
the positional adjustment of the lens node and how it relates to optical 
focus. You’ll remember from the beginning of Chapter One that an¬ 
other thing focus is dependent on is the humans who twist the helical 
mount on the lens. Some above-the-line production execs don’t view 
crew people as human, however. So after having looked at all the tech¬ 
nical contingencies of lenses and related hardware, let’s look at some of 
the software. 

Focus is like love. You must get it before you can give it (develop- 
mcntally speaking). There are a number of ways to do this. Focus can 
be estimated. This may seem obvious, but there are more ways than 
you might think to do this, and they are more rigorous and scientific 
than you might think. There are certain dimensional relationships in 
nature and in the world. With a little math, ingenuity, study, and prac¬ 
tice you can take advantage of the methods and ideas offered here. Pos¬ 
sibly you may develop some of your own. 

There arc ways to judge short distances by visual memory. These 
same distances and longer distances can be judged using certain simple 
relationships found in the trigonometry of three very standard right 


b'l 











triande functions. The technique also borrows from cybernetics. w e > U 
use cybernetics again later, when we discuss a few (> " us-pulling meth¬ 
ods. But back to getting focus. 

Do vou know that humans tend to do the same thing every time? 
You can take advantage of this knowledge to judge and hold focus even 
in tight ECUs (extreme close-ups), 

just as dimensions arc standard in natui e, as some times is behavior, 
so are dimensions standardized to a more primitive extent in modern 
civilization* Road markings and man-made sti uttures can be used like 

giant yardsticks. 

Focus can be gotten bv measui ing it. There ait tilt old tstahlishcd 
ways with tape measures. There are a few newer electronic methods 
and aids. They often prove cumbersome and not worth the time or ex¬ 
pense. But even with the old workhorse tape measure, there are ways 
to streamline the process. We’ll look at focus circles as they apply to 
the priority of mark getting. This discussion is especially pertinent in 
operator-assisted focus, where getting the fewest marks fastest can be 
very important to a busy assistant. 

Eye focus can be assisted by a second assistant and/or an operator or 
not. Eye focus is affected by a number of factors. There are psychologi¬ 
cal, neurological, and physiological variables that contribute to limiting 
the eye’s ability to attain sharp focus. This is why there are times when 
more than one method of attaining focus is advised. There are also 
times when two methods of judging focus may disagree. When that oc¬ 
curs you must know which method to rely on. II not. vmi can turn in 
an entire day of soft footage and have pulled to every mark “dead on.” 
Hard to believe? It's been done and on big shows. I know of some very 
experienced DPs that get the answer as to which method to rely on 180 
degrees wrong. But you’re learning certain physical/optical facts here. 

V ou 11 have enough confidence to stand your ground and argue your 
tase, Vou31 turn in good stuff, and you won’t get fired because some 
boss intimidated you into making his mistake. Right or wrong, who do 
you think they fire for out-of-focus dailies? But who do you think feels 
tlu v havt the right and position to tell you how to get focus, which is 

your job? That’s right! It’s your job, so protect it and don’t let someone 
else tell you how to do it. 

We’ll look at specialty focus systems: electronic range-finders and 
? m P u ^ er assisted systems that come with their own crew. You should 
know about them to know when to recommend them. And yes, focus 
pu ers, they do have their applications* 

Once you’ve gotten focus, you’ll look at the best ways to make 

, ar * °" the land floor) and “see” (lens or focus disk). You’ll leaf 
'' d'stinguish marks that ran easily adapt to changing start and 














Focus 


63 



, rnar s. Directors/cameramen are famous for this. We’ll examine 

°iT • ° > m j C con ^ us * on 'f r Pe marks for complex camera moves. This 
wi me u(c possibly the most difficult moves; circular dolly track 

w^i ECUs. Maiks and focus for crane moves, which are extremely dif¬ 
ficult and complex, will be explained. This is truly focus in three di¬ 
mensions. How do you distinguish coming from going? What if mark 
#4 is the same as mark #2, but only sometimes? We’ll look at focus pull¬ 
ing: the best ways and sometimes not the best ways, but the way it’s got 
to be, anyway. There are different situations that call for different 

techniques. Some border on the realm of tricks. Some aspects are very 
specialized. J 

Once you’ve made the shot, but before you can move on, you must 
be able to tell if you’ve got it. You must be able to assure some “keep¬ 
ers. 1 here are okay ways to do this, and then there are better ways to 
do this. So let’s start in the process of shot making: getting focus, mak¬ 
ing marks, and pulling focus. 


Establishing Focus (Before) 

Estimating Focus 

Estimating is a crucial function of your job. Imagine you are pulling fo¬ 
cus. You are constantly estimating an object’s distance from the film 
plane and comparing it to the object’s predicted distance from the film 
plane. This corresponds to the object’s path along its predicted set of 
marks, placed on a follow-focus disk or lens. But before you get to mak¬ 
ing the shot and pulling focus, before you have made marks, one of the 
ways to get focus originally, besides measuring or eye focus, lies in the 
art of estimating distances. This can be one of the fastest and most effi¬ 
cient ways of getting focus, or marks, if done well. The process is even 
elegant in its simplicity. Before pulling focus, before marks, even before 
you are a working assistant, you can go a long way in this skill by 
practicing indoors or outdoors in a field. 

Anato-inetric Estimation (Extreme Short, Short, and 
Medium Distances) 

Certain constant dimensional relationships exist in nature and in the 
body. If you’re doing “tabletop” product shots, the distances are of 
course small. The distance from your elbow along your forearm to 
your fingertip is very handy. It is called a cubit. It is one-half the dis¬ 
tance from the tip of your nose to your fingertip. Also handy is the dis¬ 
tance between the tip of your extended thumb and the tip of your little 
finger. This dimension is usually 9 inches for the average man, 7 inches 
for the average woman, 
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The length of a person’s arms, longest fingertip to longest f 1 n , 
is almost exactly the same, to the inch, as one’s body height 
equal to twice the distance from one's nose to the longest finger 
Learn the length of one arm, from the shoulder joint to the longest 
gertip. Learn the distance across your shoulders from joint to ; ^ 

These give you four quick but very accurate measurements/estimate 

Another quick focus estimate is to hold your hands out from your side 
belt-high. Sight down your arms. Your body is describing a trianel 
and the spot you are looking past your hands to the floor at is approxi* 
mately the same distance away from you as your eye height is from the 

ground. This can be used to double-check your arm measurement, de¬ 


scribed earlier. 

Learn the length of your stride. You’re indoors and it’s crowded 
or you’re outdoors and a lot is going on. Take a walk around the set- 
a tape measure would just get in everybody’s way, maybe cause an ac¬ 
cident and hold up work. You may look at ease, but you’re measur¬ 
ing and studying the set and your shot. And you’re staying out of 
other people’s way while they work. Few people have done more 
than merely consider in passing the length of their own stride. When 
asked, most people overestimate its length. One reason may be lack of 
clarity as to what a pace consists of. Most people think of a pace as ex¬ 
tending from the heel of the rear foot to the toe of the front foot. It 
sounds right at first. But if you use this criterion to measure multiple 
paces, you will have subtracted the length of one foot by including it 
twice, for each stride taken, after the first. To see this, imagine the first 
pace, then the second. The “front toe” foot of the first pace doubles as 
the ‘rear heel” foot of the next pace. A pace extends from the heel 
of one foot to the heel of the other, or from toe to toe, whichever is 


appropriate. 


You can concentrate and measure your ordinary pace, but for men 
Bnd women, the average pace yields unwieldy numbers. Unlike other 
body dimensions, a pace varies greatly among individuals, even of the 
same height. From this we are warned not to assume someone else 8 
paces through a set that we are watching are telling us the same thing 
that our feet might tell us. 

Learning and developing a special stride will create a “learned” p ace 

that can be executed and repeated quite reliably. This new stride is 

ally achieved by stretching one’s natural pace a little bit, as oppo^ t0 

shortening it. How many of your paces fit into 10 feet or 12 feet, or even 

<>0 feet? This is a fast, clean, and effective way to go. How long > s y l,lJ 

foot? Learn it to double-check short distances. These are excel 

hands-on techniques for distances close in. Now let’s extend things a 11 
tie farther. 


I 













Trigonometric Estimation (Short and Medium Distances) 

(-lost in distances, beyond arm’s reach, can be directly observed by bor- 

iowing a few bask tenets of trigonometry. Don’t worry, I’ve already 

^one a the math. One of the practical applications of trigonometry is 

finding the distances of inaccessible objects. Object distances beyond our 
reach fall into this category. 

From plane trigonometry and the angular mechanics of three right 
triangles as they i elate to the human body, we get methods for estimat- 
mg distances from 6 feet to approximately 20 feet. While I’m the one es¬ 
timating and approximating, I’m going to use my own eye height. 
We’ll let that value form the altitude of a triangle. The two remaining 
legs, the hypotenuse and base of the triangle, extend from our eyes and 
from our feet to intersect in one of a triangle’s three vertices. The dis¬ 
tance from our feet to this vertex, or measurement of the base of the 

i ight ti iangle we form with our body, is our desired object distance. On 
a lens this is the focus distance. 

An advantage of this technique, beyond giving a set of solid mea¬ 
surements, quickly found, is that it provides a method of double-diet k- 
ing close-in estimations made by visual sight memory. It also provides 
departure points for estimating intermediate distances, not given ex¬ 
actly by the three triangle functions. This range of 6 feet to 20 feet also 
covers the “most used distance areas” in complex blocking, found in 
dramatic production. These areas may be thought of in terms of “focus 
circles,” shoum later in this book. Now let’s look at the three triangles. 

45°, 30760% and 15775° Right Triangles 

First, the simplest and most uniform: the 45-degree right triangle. A 
right triangle contains one angle of 90 degrees, and the sum of all its an¬ 
gles must equal 180 degrees. If one remaining angle equals 45 degrees, so 
must the other equal 45 degrees. Since this triangle has two equal an¬ 
gles, it also has two equal sides. The third side is the longest side, be¬ 
cause it is opposite the largest angle. The side opposite the 90-degree 
angle is called the hypotenuse. This is an isosceles right triangle. Ac¬ 
cording to Pythagoras, the square of the hypotenuse is equal to the sum 
of the squares of the other two sides: 

C 3 = A 3 + B 2 


If A = 1 and B = 1, then C is equal to the square root of l 2 + l 2 , which 
equals the square root of 2, or 1.4142. 

So imagine yourself as one leg of an isosceles triangle. 

My eye height is 5'5”. 










45 11 Right Triangle to Find ~t> Feet and ~8 1 eet. 

1. Look straight down at the point on which you stand. 

2. Look straight out ahead of you. You arc looking 90 degrees up 
from the previous point you spotted. \ ou are looking at infip. 

ity. 

3. Orient your line of sight halfway between these two points. 
Your line of sight is now bisecting the original 90 degrees. It ^ 
scribes an angle 45 degrees up from the point on which y ou 
stand. (This angle can be found quite easily with your 
eye/brain/body.) 

4. Sight a point on the floor that is intersected by your line of 
sight. Your body and line of sight describe an isosceles right tri¬ 
angle. Remember, the sides opposite equal angles are equal sides. 

5. The sighted point on the floor equals your eye height. It is as 
far away as your eye is high. If your eye height is 5'5", your 
sighted object focus point is 5'5* away. 

TO FIND =fl FEET: 

1. Extend your hand, at arm’s length, out in front oi you, so your 
arm is level. Find the point on the floor that you are holding 
your hand over. For my body dimension, this is 2' from my 
body. You can measure from the inside of your shoulder, 
where it meets your chest, to your fingertips. 

2. Step forward to place your toes on this mark. Look straight 
down at this mark. Maintain an idea of your original standing 
position. 

3. Look straight down at the mark. 

4. Look straight out. This, again, is 90 degrees up. You are looking 
at infinity. 

5. Orient your line of sight halfway between these two points. 
This can be found by sighting straight out, then down repeat¬ 
edly and swinging your head and sight line through an arc. 

You will get a feel for the location of the halfway point be¬ 
tween the two sight lines of 90 degrees and 0 degrees. 

<>. I he point on the floor you are now looking at is equal to your 
e ve height plus your arm’s length (inside shoulder). If your eye 
height is 5 5* and your arm's length is 2", the object focus point 

is 7.5 from your original mark. Adjust your sight (estimate) 
and call it 8 feet. 

30760 Right Triangle to Find =10 Feet and =12 Feet: 

TO FIND =10 FEET: 

L Look straight down at a point over which you stand. 

2. Look straight out at infinity. 
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. er . ^ ^ Ur ^ ne °^ s ight 30 degrees, or raise it 60 degrees from 
. * OWn * Either lower your sight line one-third from 

:”V out, or raise your sight line two-thirds up from 

.'y 1 * ° wn ‘ A S ain > use your eye/brain/body to do this. 

_ * , P C} hit on the floor that is intersected by your sight line, 

our y forms the altitude, and your line of sight is the hy- 
♦ tenuse. The length of the base equals the object distance to 
e o ject focus point The length of the base is the square root 

i . 3 mulU P hed h y the altitude. If the altitude is 5'5", then we 
ave 5.42 times the square root of 3, or 5.42 x L7320 = 9.38', or 
just over 9 4.5 . Call this 9.5 feet. Adjust your sight (estimate), 
and call it 10 feet. (Remember, we’re estimating.) 

TO FIND =12 FEET: 

1. Extend your hand at arm’s length, at shoulder height, out in 
iront of you so that your arm is level. Find the point on the 
floor that you are holding your hand over. 

2. Step forward so you can look straight down at this mark. Place 
your toes on this mark. For my dimensions, this is 2'. 

3. Look straight down at the mark. 

4. Look straight out at infinity. 

5. Orient your line of sight down 30 degrees. This is one-third 
down from straight out. 

6. The point you are looking at on the floor is 1L5' away from 
your original standing location. Adjust your sight (estimate) 
and call it 12 feet. 

t5°/75° Right Triangle to Find 20 Feet: 

1. Look straight down at a point over which you stand. 

2. Look straight out at infinity. 

3. Tilting your head down, lower your line of sight 15 degrees. 

This translates to about 1.5 or 2 inches of head movement. 

4. Sight a point on the floor. 

5. The point on the ground you are looking at is 20.5 feet away. 
Adjust your sight (estimate). Call it 20 feet. 

You can now quickly determine and even pull focus to 6 feet, 8 feet, 
10 feet, 12 feet, and 20 feet. This is before a single measurement is made. 
From these you can also find, quite quickly, 15 feet and 25 feet just by 
estimating oft the original triangulated distances. These are very com¬ 
mon focus distances found on lens etchings. They also provide a way to 
double-check distances that are raw estimates, found by visual sight 
memory (what a distance looks like). 

These distances cover the most used distance areas in complex 
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blocking found in dramatic se: lings. Combined with the depth*of.p 
characteristics of lenses of certain focal lengths, sit at certain para 
ters (lens focus and T-stop), this “close to intermediate” focus range c * 
ates zones of focus, which fall into great circles. These depth 
zones may be thought of as radiating out from the film plane. See fj 
ure 2-1. We’ll discuss these focus circles in greater detail later, when 
talk about getting marks. Now on to bigger and better things, 0r 
least longer distances. 

Intermediate to long-range distance estimating, from 50 feet to ri-oo 


307Vi" 



Lens Focus = 20‘ 


C.O.F. 0.025mm 


for 35mm FILM 

Lens Focus = T 


Lens Focus = 5‘ 


figure 3-la. Focus circle. 
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5 8 . e ou * s ^ < edge of the envelope, due to parallax and distance 
compression problems. I consider these medium to long-range dis- 

' *es. ero to ,i0 feet, well discuss last, because it is the easiest. Because 
c ost up, t i distance intervals appear larger. With greater size 
comes more information. These distances can be found without visual 
a.ds. Instead we>U use what I call visual sight memory. It is merely re¬ 
membering what a chunk of distance looks like. 


OQ 



2V3 %• 



24mm T8 
Q r 0 F 0.025mm 
for 35mm FILM 


10316" 


* Ipirp 2-lb, Focus circle. 
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5’0V4*^4’t1V 

e'ov-s’tiv- 

7T-61T- 

inuvnojir- 

9'2*-8‘10i**- 

lO^b'-SW — 
tt'C-IO?** — 

i2w-irw- 

13'6'-12'6”- 

16W-15'6* — 

irO-lffO"- 

I^V-aHOU"- 

23‘2 , -27'0’- 

28 , 3'-31 , 11V- 


100mm T2.8 
C.O.F. 0.025mm 
for 35mm FILM 


Figure 3*lc. Focus circle. 


'I rigonometric Estimation (Medium to Long Distances) 


b eW e 


From 50 feet to 300 feet is the farthest range one can estimate 
parallax and distance compression problems bn time too 
technique is part science, part art. It is part skill, part Zen. It is tl “ | in i 
in a systematic way. It is learnable in a systematic way. It is a PP 1 llt jrt' 
more organic or Zen way. When it is first learned, it is used m ;1 irr 
systematic/skill way that is very conscious. As it becomes 111 



































































































9'5W-8'7'- 

-107V-9*5V- 
11 ’8**-10'4V4* 
12'10Vi*-ir2U’ 

150-1 IT- 

16'4*-13'ir — 
20'0"-14'10'— 

24T-17'0'- 

32’0‘-20'6'- 

40’0‘-24'6’- 


100mm T.B 
C.O.F. 0.025mm 
lor 35mm FILM 


Htfim* --Id. IJepth-of-field zones for various lens focuses, 5' to 30'. 


grained, it wilt bo applied in a more molar, organic way, that is less 
conscious. Going from object sighted to distance estimated will ap¬ 
proach an automatic stimulus response paradigm. From sensation/per¬ 
ception psychology, Dees, quoted in Braunstein’s Depth Perception 
th rough Motion, “questioned the appropriateness of logical consis¬ 
tency,” stating that “most perceptual logic is subverbal and in large 
measure, automatic and based upon learned premises, which are usu¬ 
ally true.” 1 Cognitive processes are so complicated that they must oper- 
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ate in a way that lends itselt to automatic performance) and thu 

output/result, answer (distance estimation) seems simple, 

Gregory, a perceptual theorist, also discussed in Braunstein rf 
scribes perception as “a kind of problem solving” 2 I like this becauj^ 
focus pulling, you are constantly rerunning a problem and adjust’/ 1 
the solution. Modern theorists speculate on processes like sn V(H( / R 
feedback between optic array, muscle controi, and eye-brain conununf 
cation. 

Berkeley postulated depth perception of flat retinal images by p ast 
experience of vision and touch. One example of this could be walkin 
through a set. He negated subverbal cues, such as those that occur when 
distance is perceived, based on angles between he optic axes projected 
from a fixated object, as well as the decrease in divergence of rays, sub¬ 
tending an object as object distance increases. Actually we are going t 0 
use a form of distance estimation that partially shares, in theory, these 
very mechanics. 

Though disagreeing in form, Berkeley’s theory of perceptual me¬ 
chanics rested on what could easily be argued to be subverbal cues: 
convergence (of eyes), confusion (blurred images, inside critical focus), 
and straining (more properly visual accommodation). Berkeley rejected 
the place of geometry in his scheme, i see our brain/body connection as 
a tiny, high-speed computer, constantly spewing out new solutions in 
response to an ever-changing influx of an enormous amount of data. 
Our technique is based firmly on geometry and applied trigonometric 
functions, or ratios, as solutions. 

It’s possible that distance perception is arrived at through the total¬ 
ity of cues making up the optic array. Accommodation and conver¬ 
gence are now considered minor cues to distance judgment, effective 
only for gross near-far discriminations and good only for distances up 
to several yards. Binocular disparity has been added to cue theory and 
the interaction of the above three cues has been added to directional 
muscular feedback-outflow theory. These are interna), nonlinear, 
ganic processes. We will learn a process that is external, linear, and in 
organic in its development. Judging object distance and describing s * zt 
perception over distance mathematically will show the same percei ve 
interval of length at increasing or decreasing distances to change exp Ll 
nentially. This means that a unit of length at twice a given distance <>p 
pears more than twice as small. This technique should be added to th e 
total impression formed by the optic array. Other cues making Up t * 
optic array include brightness and atmospheric attenuation. These 
two cues may contain misinformation and thus are possibly mi®^® 
ing. This is because the brain tends to make certain assumptions 
veridical reality and has been shown to make wrong decisions* 
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brains seemingly subjective behavior is more understandable when it 
is pointed out that its final physio-spatial interface with the external 
wor d is the retina. Onto its curved surface is projected a flat, two- 
dimensional image, which is derived from three-dimensional space. 

1 '' 1 11 '" M '‘ive three-dimensional space, or are we forced 

to just assume it is there? Let’s look at some of the mechanics and relate 
tlu in to distance estimation. A useful term and more useful model than 
the retinal image for our purposes is the projection plane. It is an ap¬ 
proximation described by Leonardo da Vinci. He suggested that a 
paintei imagine a plane of glass between his eye and the view he is go- 
ing to paint. The glass is perpendicular to one's sight line. Tracing the 
outlines of light rays emanating from a scene or object as the rays pass 
through or inteisect the glass will show approximate relative amounts 
of the i etinal surface struck by light rays projecting from a view or ob¬ 
ject. The image on the retina or glass is a projection, and the plane of 
intersection of rays with the glass may be thought of as the projection 
plane. This can also serve as an analogue to the focal plane in a camera, 
where hopefully sits a frame of film. On the projection plane, images 
get larger or smaller as their object distance or range decreases or in¬ 
creases. A range is not only a distance to an aiming point, but it is also 
“the class of admissible values of a variable,"' or interval. A range or an 
interval can refer to near and far distances of a unit of length; it can be 
defined as a finite distance, made of a finite number of units that vary 
in apparent size with distance. A range or an interval of 10 feet at an 
object distance of 10 feet will have a far end limit of 20 feet. So a range 
or an interval may itself be thought of as an object. Let’s take another 
example of an interval of length from 200 to 300 feet. Interval size is 100 
feet. Object distance is 200 feet. The apparent size of a range or an inter¬ 
val will vary inversely according to its object distance. 

In the field of sensation/perception, an experimental branch of psy¬ 
chology, it is maintained that “the dimensions of an object’s repre¬ 
sentation on the projection plane are determined by a combination of 
factors: 1. Its dimensions in three-dimensional space, 2. Its orientation to 
the observer, 3. Its distance from the observer.’ 4 See Figure 2-2. 

For focus pullers, I want to emphasize this third factor. Dimension 
and orientation are important considerations in any distance estima¬ 
tion, but this third factor, distance, is a keyword in distance estimation, 
and it is a key variable, because key to focus pulling is judgment of ob¬ 
ject distance. 

Distance: (Oh no! Not more definitions!) Think of it as a tool to use. 
Isn’t tool use what separates monkeys from lower animals? 

“Distance: 2a. A portion, b. The degree or amount of separation be¬ 
tween two points, lines, surfaces, or objects in geometric space, meas- 













rigurc 3-2. Objects are perceived according to their (a) dimension, (b) 
orientation, and (c) distance. 


ured along the shortest path joining them. 3. The amount ot space be* 
tween the eye and an object of perception... c. The extent of space meas¬ 
ured linearly along a route: the length, especially of a surface or road 
traveled or to be traveled (to be traversed by you, a second assistant, 
and of course, light rays).,.e. A portion viewable all at once... 4b. Per 

spective.™ 5 ^ 

“Distant: la. separated away in space, b. separated by intei vals o 

greater or less regularity.™ 6 

The relationship between distance and dimension will seem at 1 

r 11 - a l /ii* 

too obvious. And you might ask why concern ourselves at all W1 
rnensions, when it is an object’s distance, not an object’s dime _ ^ 
which will never be the same. People and things come in an m 
number of sizes, so this can never serve as a clue to their object ui . g 
which will determine their focus at the film plane. I’o an extent t 
true, but there is one object that can be standardized, ana j en gth- 
range or an interval, composed of a finite number of units of en ^ e 
Remember, a range or an interval can be thought ot as an ° J 1 ^ ^ 
will use a model of range or interval size to show that, as you re pt 
estimate distances, you must keep in mind that the change in app - g 
range or interval size with distance is exponential, not linear’ 
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moans that 10 feet at 20 tect does not look the same as 10 feet at 30 feet. 
And 10 feet at 40 feet is not 50 percent the range size of 10 feet at 20 feet. 
It is apparently only about 30 percent as big: 10720' - 4’ 58', 10740' = 
1 33. Sometimes 50 feet at 100 feet looks the same as 100 feet at 200 feet, 
but sometimes it doesn’t. The reason such relationships appear to be lin¬ 
ear (similar ratios-similar angles vs. similar rati os-dissimilar angles) 
lies in a trigonometric parity of two legs of a triangle measured and 
combined in a function to reveal the subtending angle, for us a vertical 
or range angle. For you this means that an object at 100 feet does not 
look twice as far away as an object at 50 feet. In fact it looks only a tiny 
bit farther. And starting with a vertical angle of 90 degrees being intin- 
ity, and 0 degrees being 0 feet at your toes, an object distance of 300 feet 
subtends a vertical angle 'range angle that is only a tiny percent smaller 
than the vertical angle subtended by the same object at infinity! 

We’re now going to forget about what we think we see and instead 
know what we see. Pretty Zen, huh? To me, it is a quite Zen concept 
that some consider science to be the business of discovering God. So, 
hack to the lab. If we look at Figure 2-2, it’s clear that if we made judg¬ 
ments based purely on what we saw, we would have a one in three 
chance of having our answers correspond with veridical reality. 

We might as well guess. Actually, there is a case to be made for 
guessing. If doesn’t apply here, but later we will discuss the value of 
guessing in heuristic problem solving. Your brain will like it. It works 
that way a lot of the time. It’s kind of a conscious use of the uncon¬ 
scious. 

In Figure 2-2, projection (a) shows dimension. For focus pullers, 
there can be no standard dimensions of objects to be focused. Projection 
(b) shows orientation. Orientation can also be slant Slant poses a special 
case and, as shown here, comes complete with its own misleading illu¬ 
sions. Incidentally, in our technique you will see that we always look at 
our world at a slant. Our technique, however, controls for this factor. It 
is this knowledge, in fact, that renders our solutions. We’ll discuss how 
to factor in uncontrolled for slant later. Projection (c) exemplifies the 
basic tenet of our technique. If apparent range size is smaller, that in¬ 
terval is farther away. If the range size is of a known object, such as an 
interval of length, object distance can be found to be a simple trigono¬ 
metric solution. The trick in distance estimation is to form a 90-degree 
angle to the ground with our body forming the vertical leg of a trian¬ 
gle. Our sight line (slanted) forms the hypotenuse of a triangle. That 
sight line intersects the base leg of the triangle at a point that is our ob¬ 
ject distance. To an object to be focused, the base leg dimension, or ob¬ 
ject distance, is the numerator of the sine function of the vertical angle, 
or range angle. The sine of an angle is the ratio of the leg opposite that 
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angle to the length of the hypotenuse. This is how the range a 
particular object distances were developed for this technique jyj ^ 0r 
the tangent of an angle is the ratio of the side opposite the an , ^ ^ 
vided by the side adjacent to the angle, and we know the length Of ^ 
adjacent side (eye height) and our vertical angle, we can find the ] en * 
of the side opposite. This solution is our object distance, and it indie- 
the focus distance (lens focus) mark to be set on the lens. See Figure 2 
The figure is a model of the preceding description. It shows th 
problem we face as humans standing on the planet. Basically, in the vo* 
mos, “man" is too small. This is why 300 feet is about the outside of th 
distance estimating envelope. We re just too close to the earth. Beyond 
300 feet, angle change with distance is so negligible (rapid deceleration) 
that angles become effectively parallel angles. This is what we find at 
infinity. This is where parallax and distance compression pose prob- 


c 

a P~ 

'0 20 30 40 50 b 100 150 200 250 

Hypotenuse is c. 

Vertical leg is a = 5'5" (eye height). 

Base leg is b = object distance. 

_ opp _ object distance _ b 
adj eye height - a 

so b = tan Z b (vertex angle) x a 

so object distance = tan z b {range/interval angle) x eye height 


Ex: Take object distance = 50' 
Eye height = 5'5" 


In tan Z b (83° 48'} = = —+ ect dista nce 

adj eye height 

tan 83° 48' = 9.2052 x5'5" (5.466) 

(vertex angle) = (tan function (see table]) x (eye height) 


= 49.861499 
= (object distance) 


Then 

50 ' 

tan of vertex angle (b) = = 9.2307 = 9.2052 = 83° 48' (trig table) 


Figure Z-.l. theoretical model for distance estimation. 
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nt ? re *°° S rea *- To see this, look down at the surface of a table. 

^ S j^ t - Vour ^ ace on the table and look across the surface, 
e are in eed small creatures on the planet. At 300 feet, the informa- 

,, array is greatly reduced. The greater the distance, the 

sma er e ang e. The smaller the angle, the less information. The less 
ma ion, t e greater the chance of inaccuracy. The brain has two 

v. ^a K * en ^ enc * es guess relative distance and absolute distance, 
ase on its own, and often very errant, set of criteria in a visually re¬ 
duced environment (Gogel 1973a,b).’ So forget trying to tell how far 
away things are by how they appear. At great enough distances, you 
can t even tell which of two objects is farther away. Your brain will 
think it can and will probably get it wrong. However, there’s a way to 

overcome this to a great extent. We’ll discuss this later in a catch-all sec¬ 
tion on locus aids and tricks. 

So back to Figure 2-2, projection c, and a quote: “The effect of the 
distance between the observer and an object on the dimensions of that 
object’s projection is a perspective effect. In general, perspective refers 
to variations in a two-dimensional scene that reflects relationships in 
the third dimension.” 8 In considering the X axis as width (not a consid¬ 
eration for us), your body forms the Y axis, and the object distant . |,, 
along the Z axis. Perspective, a definition: “la: The technique of repre¬ 
senting OH a plane dr curved surface, the apace relat ionships of natural 
objects as they appear to the eye.... 4. The appearance to the eye of ob¬ 
jects in respect to their relative distance and positions.” 9 This last quote, 
taking applicable definitions of perspective into consideration, means 
that in looking at an object distance, and estimating any distance, that 
interval or range, as it appears on the projection plane is undergoing a 
constant change, over its entirety. This is due to the effect of perspec¬ 
tive, which is constantly interacting with an object’s image projection 
from proximal point to distal point, and vice versa. As an interval re¬ 
cedes from you, it is appearing to shrink at a rapid, yet decelerating 
rate to infinity. This change in apparent range size is gradual. It is 
known as a perspective gradient. It is an important concept in under¬ 
standing the apparent vanishing of lines and dimension at an exponen¬ 
tial rate over five course of linear increase in object distance. Humans 
perceive texture gradients and use them to judge distances in everyday 
life. Look out over a choppy sea or a large field of grass. The perccj itual 
effect is due to an apparent or real variation of size and spacing of sur¬ 
face features. A mirage on a highway is related to this perceptual pro¬ 
cess. 

For our technique, which must be completely regular in its use of 
surface features to ensure reliability in its performance, we will take 
advantage of a special case ot texture gradient. This is the cue of linear 
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perspective. Linear perspective occurs when we look at the i 
plane over which object distance extends, n is one plane of an ^ r ° Utl d 
number of planes in our effective optic array. We view it at a slant 
sight line to the distal point of our range or interval at object dj^ ° Ur 
forms the slanted hypotenuse of a right triangle. Our body forml 3 ^ 
vertical leg. Obversely, the ground plane or object distance can be^ ^ 
sidered at a slant to our line of sight and to our body. Imagine two 
allel lines are present in some plane of our effective array. Let» s ima^ 
that the two parallel lines lie in the plane of the ground plane and^* 
tend away from us toward the horizon and infinity. These lines apj )(1 * 
to us on the projection plane to be converging. This is the effect of p e / 
spective on distance that is experienced as linear perspective occurs it 
can also be said that this is the effect of real distance on linear perspec¬ 
tive and of linear perspective on apparent or perceived distance. Meas¬ 
uring the separation between these lines on the projection plane, over 
distance, reveals a decrease that is systematic and forms part of a 
continuum. This systematic, continually decreasing value constitutes a 
gradient. 

Figure 2-4 is a graphic representation of linear perspective as de¬ 
scribed above. If you were to graph the values for interval size over 
distance, you would get a curve much like that shown in the figure. 
This is the same curve that can be derived from the density values of a 
texture gradient. Texture gradients will not concern us, nor will line 
separations. But if instead of width (X axis), we look at length (Y axis), 
we will see that a similar exponential relationship holds for apparent 
range size over distance. Remember that object distance lies along the 
ground plane and that as we stand at zero distance, the determining 
value of object distance is the intersection of the ground plane and the 
hypotenuse of the triangle, which is our sight line. The triangle is com¬ 
pleted with our body standing at zero units of object distance and 
forming the vertical leg of the right triangle. 


Figure 2-4. Parallel lines receding 
f rom an observer appear to con¬ 
verge. This effect is exponential 

(nonlinear), as shown by the decel¬ 
erating curve 



DISTANCE FROM OBSERVER 
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In c Istance estimation, rather than using two lines of separation 

** n j Gr u s, we will look at one line that extends away from us 

owar infinity. We will use its apparent length to get a feel for esti- 
ma mg istance. rhe same foreshortening occurs over distance along 
Te Z axis as it does along the Y axis (graph of separation gradient) at 
t e very same rate. See Figure 2-5. In Figure 2-6, imagine you are look¬ 
ing straight down at it. The Y axis comes straight up at you. The X axis 

ea s east and west. The Z axis heads north and south, pointing to 12:00 
and 6:00 o’clock. 

On the left, in (a), note the length of the arrow along the Z axis. See 
Figure 2-6. It is equal in length to the arrow on the X axis. On the right 
is the same grid tilted away from you GO degrees. The arrow along the 

Z axis is the same length as on the left, but it appears shorter than the 
arrow along the X axis. 

If you measure the vertical angle or range angle subtended by a 
fixed range 01 interval size as a function of distance and make a graph 
of it, it will reveal a curve that is almost identical to the graph of sepa- 
ration of two parallel lines that extend toward infinity. F'igure 2-5 is 
a bar graph showing apparent decrease in interval size. The following 
tables show the data used to generate such curves. See also Figures 2-7, 
2-8, and 2-9. 

Table 2.1 

Size of a 10-foot range/interval at 0 feet to 
40 feet in degrees of vertical angle subtended 

Eye height = 5'5" 

Vertical leg (a = 5.4166666') 

1070' = 61° 33' 

10710'=13° 18' 

10720' = 4° 55' 

10730' = 2° 26' 

10740' = 1 0 36' 

See Figure 2-7. 


Table 2.2 

Size of a 50-foot range/interval at 0 feet to 
250 feet in degrees of vertical angle subtended 

Eye height = 5'5" 

Vertical leg (a = 5.4166666') 

5070' = 83° 48' 

50750' = 3° 6' 

507100'= 1°0' 

507150'= 0° 30' 

507200' = O’ 18' 

507250' = 0’ 12' 

See Figure 2-8. __ 


















• /0 ' * 90 * = 540o . 

10740'= 1*36' - qr . 

10730 '= 2 « 26 '=, 1 . 

10720'= 4 , 5S = 29 g. 
10710'= 13® 18' : 795. 

1070'= 61" 33'= 3693' 


50' 

40' 

30‘ 


20 ' 


10 ’ 


Figure 2-5. Feroeiv d interva 
size decreases in unit lengtl: as 
object distance increases, lhe 
rate of change is ezponer lial, 
not linear. 


O' 


0/0' = 0® = O' 
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X AXIS 


Z AXIS 




Figure 24*. (a) Point of view above grid (b) Grid is rotated about the X axis, the top 
moving away from the observer. The top of the Z axis arrow is farther away than is 
the bottom of the arrow. The Z axis appears shorter as it recedes and the object dis¬ 
tance increases. The X axis arrow appears unchanged as all points on the arrow main¬ 
tain the same object distance as in (a). 


Tabic 2.3 

Size of a 100-foot range/interval from 0 feet to 
200 feet in degrees of vertical angle subtended 

Eye height = 5'5" 

Vertical leg (a = 5.4166666') 

10070' = 86° 54' 

1007100' = 1 6 30' 

1007200' = 0° 30' 

See Figure 2-9. 


On a bar graph showing the three selected range interval sizes of 
10 feet, 50 feet, and 100 feet, the longitude would be foreshortened over 
the distance of these range/interval sizes. It is the effect of perspective 
along the Z axis as the ground plane extends away from you. 

On this range size bar graph there is distortion because infinity is 
artificially limited in order to see the end of the graph. In the natural 
world the end of the graph is at infinity and is therefore impossible to 
see. To make a representation of diminishing range size in a graph, one 
must place infinity at a finite distance. Also, range sizes in the real 
world are viewed from certain heights (vertical legs of triangles). No 
vertical leg is known, so range/interval size relationships are found ar¬ 
ithmetically, without trigonometry. This means that while an angle 
subtended by a certain range/interval is a certain percentage of 90 de¬ 
grees, that same angle cannot be discerned as a percentage of infinity. 
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I his is what happens when you look at the earth and objects stand¬ 
ing on it while you are trying to estimate object distance and pull sharp 
focus. This is what you’re up against. This is how to deal with it, or at 
least, here is a distance estimating technique that takes this phenome¬ 
non into consideration. 

This technique renders object distance estimation from 50 feet to 
.iOO feet. It is effective on level ground. Slant is a special case that will be 
treated at the end of this explanation. 

Again, the technique is based on the mechanics of a right triangle. 
Your body forms the vertical leg of a right triangle, as you stand erect, 
90 degrees perpendicular to the ground plane. Your sight line to the 
point on the ground 300 feet in front of you is the hypotenuse of the 
triangle. Where your sight line (hypotenuse) intersects the ground 
plane, it forms a vertex at object distance: 300 feet. As you look at this 
point on the ground, the angle formed by the intersection of your 
body (vertical leg) with your sight line (hypotenuse) forms a vertex 
subtending an angle of approximately 89 degrees. This is called a verti¬ 
cal angle, sighting angle, or range angle. Great, but how does your body 
distinguish 89 degrees? It can’t—consciously. But you can learn to look 
straight out, dead level at infinity. And you can learn to look at your 
hand (if you’re a smart monkey). And you can learn this technique at a 
conscious level. With practice you should be able to use the technique 
at a semi-automatic, semi-conscious level. Ideally, the process will be¬ 
come completely internalized and integrated into your senses and used 
in a purely organic way. This is where you want to get. To a good focus 
puller, a distance ust feels like a certain distance. His brain, at some 
level, has not only already done the trigonometry, but it has processed 
a mountainous flood of complicating factors and data, the stuff of 
which fills experimental cognitive research journals in sensation per¬ 
ception psychology, which fill whole basements at UCLA. Phew! 

Stand on the earth and look straight out. You’re sighting infinity. 
Your brain/body interface can quickly learn this in only a few trials. 
To confirm it, use a string level or equivalent. Hold your fist at arm's 
length off the centerline of your nose. Point your thumb at infinity. 
Your sight line is level. Your fist (man or woman) subtends an angle of 
10 degrees. Astronomers have been doing this for years. I’ve worked 
out my own eye height of 5 feet 5 inches. I’ll show you how to plug in 
values and compute for your own eye height in the back of this book. 
(See Chapter 4, Infinity Bag.) Learning and practice are aided by the use 
of a small, clear centimeter ruler (marked in inches and tenths of an 
inch), held at arm’s length. Again, the aim is eventually to use no artifi¬ 
cial aids even with this technique. 
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To Look at 300 Feet for Eye Height 5 Feet 5 Inches: Hold out 
fist, with thumb on top, at arm’s length. Look at infinity. Sight hn° U . r 
level. Vertical angle is 90 degrees. Look down 1.1° (1° 6'). This equals V? 
(5522) or approximately .6" from the top of the thumb to the botto ^ 
the thumb. You are sighting 300 feet. 111 of 

To Look at 200 Feet for Eye Height of 5 Feet 5 Inches: Sight infhut 
Look down from top of thumbnail 16® (1° 36'). This is .8032" down f rcw L 
infinity. With your thumbnail pointing at infinity, let your sight line 
graze the top of your index finger at the second (middle) knuckle. You 
are looking at 200 feet. 


To Look at 150 Feet for Eye Height of 5 Feet 5 Inches: Sight infinity 
Check 300 feet. Move your sight line down 2.1° (2° 6') from infinity. This 
equals just over 1" (1.0542"). Your sight line will just bisect the second 
knuckle of your index finger. You are looking at 150 feet. 

To Look at 100 Feet for Eye Height of 5 Feet 5 Inches: Sight infinity. 
Check 300 feet. From infinity look down 3.1° (3 D 6'), or 1.6". Your sight 
line will bisect the notch formed between your index and middle fin¬ 
ger. You are looking at 100 feet. 


I'o Look at 75 'eet for Eye Height o* 5 Feet 5 Inches: Sight infinity, 
('heck 300 feet. From infinity look down 4.2° (4° 12') or 2.1". Your sight 
line will bisect the third (distal for open hand; proximal for fist) 
knuckle of your middle finger. You are looking at 75 feet. 


i’o Look at 50 Feet for Eye Height of 5 Feet 5 Inches: Sight infinity 
Check 300 feet. From infinity look down 6° (6° 0')or just over 3" (3.012"). 
Your sight line will just graze the bottom of the third (distal) knuckle 
of your third finger. You are looking at 50 feet. 

Like most skills, this medium to long-range distance estimating 
technique is easily taught and learned. Like other skills, the technique 
must be learned thoroughly before it can be used efficiently. This is be 
cause some of the processes involved exist at a conscious level, and sonv 
of the processes involved exist partially, if not completely, below a con 
scious level. 

Learning it and practicing it occur in the same arena, or should 
say football field? With its regular markings, a football field makes 3 
perfect place to take theory literally out into the field and practice i 
empirically. A football field is conveniently 300 feet long. It is mark*’ 
regularly. This will help you maintain accuracy as you lay out vVl 
tape measure, sticks, and flags your distances. Place a visible flaf? ° n 
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stick, starting 50 feet from the goal line. Place flags progressively at 75 
feet, 100 feet, 150 feet, 200 feet, 250 feet, and 300 feet. Mark the appropri¬ 
ate distances on each flag. I use medium-weight kite sticks, available at 
the hardware store. I spear legal paper onto them. Not including the 75- 
foot mark, I recommend regular intervals of 50 feet. Homogeneity is a 
strong factor when judging distance in texture gradient'', of which lin¬ 
ear perspective is a special case. It allows you to compare interval/range 
size over distance. Remember, you can think of an interval of distance, 
or range, as an object and watch the effect of perspective on that object 
over distance. 

Start with infinity. You can train your brain/body memory to 
sight infinity in only a few trials with the following device. It will also 
enable you to verify that you are holding your fist at a level sight line 
as you begin practicing. On a piece of dowel rod or kite stick about 3.5 
feet long, place a string level about halfway along its long axis. Use 
heavy-duty sticks for this to avoid bending. This would make the level 
useless. In front of the line level, affix to the stick a mirror that can be 
angled back to your eye, so you can view the level. Mirrors mounted on 
swivels, like the kind bicyclists use, work well. Hold one end of the 
stick next to the orbit bone of your eye and lay the other end between 
your thumb and index finger. Make a fist and extend your arm in 
front of you toward the horizon. The distal end should lie in the verti¬ 
cal plane bisecting the bony mass of your nose. Sight along the stick 
across your thumb, adjusting arm height until the bubble on the level 
“trues” up. You’re looking at infinity. Another handy tool is a clear six- 
inch ruler. You can double-check the vertical distance down from your 
thumbnail as it points to infinity. The vertical distance down gives the 
orientation and location of your sight line for any specific distance tar¬ 
geted. Eventually you should be able to discard the ruler and the level 
sighting rod as you become the Zen instrument. 

To do it, you must do it. Over and over and over again! Long dis¬ 
tance estimation is like blind pulling (focusing marks on a lens without 
looking) in that you must wade through some very i agged beginnings 
before the learning curve starts to steepen and those results sweeten up. 
When the curve begins to climb, it will accelerate swiftly and steepen 
sharply. When it begins to happen for you, the rewards, intrinsic and 
extrinsic, are substantial. Unlike blind pulling, you can try it at shoots 
even before you’ve mastered it. This is because this kind of estimating 
often occurs while a shot is being set up and the camera is off. Blind 
pulling occurs “in shot,” and at $4,000 an hour, somebody else’s shoot is 
no place to practice it, unless you don’t like ym b very much. So 
practice! During a setup the operator will often twist the lens to an eye 
focus and you can compare the result. So practice a lot, maybe for years, 







and eventually, as it becomes internalized and organic, a given oh’ 
distance (stimulus) will feel like a certain lens focus (response). * ect 


HEURISTIC PROCESSES/PROBLEM SOLVING 
FOR FOCUS 


Just twist it! Heuristic processes in problem solving: an application fo r 
focus. It turns out your brain tends to use heuristic systems in process¬ 
ing visual information and solving perceptual problems. So this is 
good place to mention the “hope you get lucky" lens twist, or tin* 'heu¬ 
ristic twist.” Because of your brain’s tendency toward heuristic proc¬ 
esses, I think it will like this one. First a definition. Heuristic: from the 
Greek heuriskein “to discover”: providing aid or direction in the solu¬ 
tion of a problem, but otherwise unjustified or incapable of just appli¬ 
cation. 10 


If you just grab a lens and twist it without thinking, is it unjusti¬ 
fied? Maybe, but is it true you were not thinking? Maybe not. I’ve 
found, and other assistants have found, that this seemingly nonthink¬ 
ing twist to a focus often comes up remarkably accurate. At a level dif¬ 
ferent than we consciously use, but at one our brains often operate on, 
thought processes of some form were going on. Heuristic attempts at 
solving a problem are those that go more directly to test solutions 
without all the data. Having all the data can ensure greater likelihood 
of a correct solution, but at a cost of greatly increased and possibly un¬ 
feasible time consumption. In short, your brain likes the idea of just 
jumping in and hoping you get lucky. You just might. Combining prac¬ 
tice and internalizing of the estimating technique, shown earlier, with 
natural heuristic processes will yield increasingly sharp results. So like 
the tennis shoe people say, “Just do it!” 

There is another edge to the heuristic sword. And it is the reason 
why the scientific estimating technique of knowing, not thinking, can 
save you from cutting your own throat. Producers love blood. Errant 
heuristic processes are seen in the brain’s predisposition toward certain 
conclusions in relative distance and absolute distance judgment. Where 
visual information is reduced, objects in relation to each other tend to 
be judged as equidistant. In similarly reduced optic arrays, certain abso 
lute distances tend to be attributed to certain objects and surface tex 
tures (Gogel, 1973a,b). 11 On the brain’s part, these are assumpthnis. 
want to stress that you should assume nothing, as does the estimating 
technique, which is rigorous and scientific. Think of or consul' ! 
available elements or features of the distance estimating environm* 11 
Don’t let illusions or heuristic perceptual assumptions fool you. 
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—- Hert !* 8 St ’° r ' d,SCUSsion of outside extremes of theory and special 

?T WUh "° Undmarks in * featureless environment, 
g a ten eories evolving to stimulus gradient theories explain 
perception along neuro-physical gradients. The natural extension of 
these theories would be ultimately being able to pull focus on water or 
on objects m midair, with no ground reference. Given the literature on 
visually reduced arrays, 1 doubt this level of ability could ever be at- 
tamed, but it’s interesting to think about. 

The last special case: slant. The above technique assumes level 
ground. So, in that we don’t always have level ground, it is reduced to 
a starting point. On sloping terrain, distances subtend angles of greater 
or lesser magnitude, depending on whether the terrain distally slopes 
up and away from you (uphill) or down and away from you (down¬ 
hill). Slant cannot be accounted for handily with any kind of mathe¬ 
matical conversion of the earlier shown estimating technique. This is 
because slope will never be the same. It cannot be predicted or antici¬ 
pated. Slope may even vary in the same distance continuum. Terrain 
can be undulating or may even appear broken, as with superimposi¬ 
tion of hills in the foreground. Though slant often adds irregularity, 
each feature has a definite effect on your perception of it and of dis¬ 
tance. Generally, distance on an uphill slope is viewed through a larger 
angle. You have more information, and your judgments will be more 
accurate, than in the opposite case, which is downhill. Though larger 
angles tend to dictate greater distances, objects may appear to be closer 
than they really are. In a downhill environment your sighting angle is 
diminished, reducing information and judgment accuracy. Be extra 
thoughtful. Objects may seem more distant than they really are. In un¬ 
dulating or broken-up conditions, distances may seem foreshortened. If 
the general trend of undulation, or of ground interruption, is upward 
or downward, subjective perceptions will l>e weighted as in regular 

uphill or downhill cases. 

That’s medium to long-range distance estimation. Practice a lot, 
maybe for years. I know. In a few years you’re going to be a rich, fa¬ 
mous, and retired DP. Yeah right, but until then, see every day as a time 
of practicing your craft. 
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VISUAL SIGHT MEMORY (ESTIMATING 
MEDIUM DISTANCES) 



Q: When are two intervals of'equal measurement a different size? 
A: In space. 


Estimating 10 feet to 50 feet is considerably easier than is estimate 
50 to 300 feet. There are no handy right triangles to use. Ten feet to 5o 
feet is easier due to the larger angles involved. The angles are larger be¬ 
cause 10 feet to 50 feet is closer. Increased angle size means increased in¬ 
formation. The trade-off is that focus is more critical at decreased object 
distances. Distances at the end of the spectrum of this range are easiest 
to judge (10 feet and 50 feet). Twenty, 30 and 40 feet are harder because 
they are closer in size. This means they look more alike, which is key 

here. 

Learn what the distances look like. I call this visual sight memory. 
A word of caution here. You could say 50 feet looks a lot like 300 feet. 
Fifty feet is 94 percent of the apparent size of 300 feet at 83° 48' com¬ 
pared to 89°. 

Go back out to the football field. Take a tape measure. You can put 
markers down if you like. They’ll certainly help, but you can do with¬ 
out, and later you'll want to remove them to really check your accuracy. 

Learn each 10-foot increment as a size. Again, as perspective oper¬ 
ates on distance, the angle subtended by each 10-foot increment dimin¬ 
ishes. The rate of change decelerates steadily as object distance increases 
from 0 feet to 50 feet. See Figure 2-5. Here is a bar graph of 0 feet to 50 
feet. Here are some comparisons as examples. The first 10 feet take up 73 
percent of the whole 50-foot pie. The second 10 feet take up only about 
16 percent, making it about one-fifth the size of the first 10 feet. The 
third 10-foot interval takes up only 6 percent; a little over one-third the 
size of the 10 feet before it. The fourth 10-foot interval fills only 3 pc 1 ** 
cent of the whole. It is one-half the size of the 10 feet before it. The fifth 
ten-foot interval is only 2 percent of the whole, and because it is two 
thirds the size of the fourth interval, the closeness in size and hence 
forth shape makes 40 and 50 feet hard to tell apart. 

One approach is to learn the size of 0 to 10 feet, repeating until y° u 

have it. Then do 50 feet, because it is relatively most different in si z ^ 

Then go back to the other end and learn 20 feet, still significantly 

ferent than 10 feet. Then learn 30 feet, which is still significantly la r $ er 

t an 20 feet. Then, to learn 40 feet, go back to 50 feet. Make sure y oU ^ 

(.trnec i0 feet well, because you can learn 40 feet as just a tiny 1 
smaller than 50 feet. 
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An intut sting bit at estimating is possible here, once vou> V 
learned 50 feet. Point to it with your index finger with the flat palm of 

11 [inVr1M * ground. Your thuuilj is pnintum, at ap- 

proximately 25 feet. Cute, huh? 


jylAN'MADK DISTANCE CONVENTIONS 

ai e tt i tain conventional relationships that exist in the man- 

m.idi vvoi Id as u 1 11 as in the natural world. You can take advantage of 

these if you become a student of the general world as well as your im¬ 
mediate environment. 

features of our modern environment are often (|uite regular be* 
cause they have been carved out of nature by man, a great lover of 
symmetry. Thus there are many regularly occurring patterns out in 
the world away from a stage. This is called a location. Here, dimensions 
and perspectives have not been “cheated” by a bunch of set designers. 

Features of our urban environment have been standardized by en¬ 
gineers. Most modern highways with two lanes of traffic flowing in 
either direction are 40 feet wide. You can legally escape from radar 
tickets if they vary from this dimension. A single lane of traffic is 10 
feet wide. Yellow lines or white lines in any one place are of a constant 
length, depending on which branch of local government painted them. 
I hey are also a set distance apart. Measure a line or a space in the area 
you are shooting. You’ll find they’re much bigger than you ever 
thought they were. This is a great aid in shooting car stuff. They pro¬ 
vide a constantly running tape measure. Those little bumps in the road 
are placed a set distance apart. Intersections are a set size, depending on 
their location and use. Street lights and light poles are placed at regular 
intervals. You can measure parking spaces, blocks of concrete on side¬ 
walks, fence posts, even stair steps. One story of a building is 10 to 12 
feet. 

Inside, the story is the same. A large dining-room table or board¬ 
room table is surrounded by chairs set apart at a regular distance. Most 
of the man-made world around you is very regular. Look for the regu¬ 
larities and take advantage of them. 

A regularity in nature is found in the same ways humans repeat 
certain actions. Any operator will tell you there are a thousand ways to 
get up out of a chair. But usually, within a scene, the same actor will 
perform the same action pretty much the same way. Watch rehearsals. 
See what they do. See if they repeat, or are they trying out different 
hits. If they’re sitting at a table, do they put their hands down on the 
edge of the table? If so they’re probably putting weight on the table. 
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When they get up, they are apt to lx* lifting the upper body and m 
ing farther forward than if they get up without the push up, jf t ^~ 
don’t push up with their hands, their face will remain closer to the *' 

itial plane of focus. Try this yourself. In the push up example, their face 
will rest for a moment a good foot closer than tin* edge of 

Find this spot before you go for a “take.” This kind of behavior stu,] 
can be applied to many bits of business. Sometimes you can even ask an 
actor how he or she plans to perform a certain action. 

The length of a man’s gait is a fairly regular feature. Watch an ac ¬ 
tor walk a few steps in his scene and count them. After he’s done, g 0 
measure the distance between the start and end points and divide it by 
the number of steps you counted. This will give you an average rate of 
pull if a scene involves a lot of walking. Remember, faster movements 
over larger distances tend to create larger strides. So the same man’s 
stride will change in different situations. An interesting side to this is 
that if you are familiar with a certain actor’s stride on a certain set, you 
can watch him or her walk through a set and get an idea of some of its 
dimensions. 

Estimating focus can range from the sublime to the ridiculous. You 
can apply scientific rigors and you can study little idiosyncrasies. It is 
technical, but it can be practiced to an art form. Different situations call 
for different techniques. By now you have a formidable array of them. 


MEASURING FOCUS 


Another way of getting focus is to measure it with a tape measure. Each 
method of getting focus serves as a check for the other methods. Meas 
uring does this. It can be used alone or in combination with estimating 
and eye focus (ground glass focus). Conventional tapes are soft) so as not 
to injure others as the tape is stretched across a set. They are usually 5 
feet in length. You do see metal tapes, however, of only a tew feet, i - 
are used by assistants right from the film plane. I his is a good check () n 
close-ups, but watch those eyes when you’re shooting humans. 

General dimensions such as a set’s dimensions can be gotten 
a thing is known about the shot. More exacting measurements can 
taken once a blocking run-through has been done. The obvious p° 
to measure are landmarks on the set and specific points of an 
movements and pauses. If you’re short on time, even to the point <> 
getting general measurements, go for the closest marks. These de 
the most critical focus. Also measure any “big” or important pa 11 ° 
shot. 

A bit of set manners when taping is important. When using ■' 


tap<’ 
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measure ext( nd it ovei the object distance. Draw it taut to the point to 

be measured. Then drop it immediately to the floor. You crimped the 

tape ate istance mark with your thumb. You can check it as you 
walk back to the camera. 


GROUND GLASS FOCUS (EYE FOCUS) 

The most common way of getting focus is eye focus. This is ground 
glass focus. It is the best iocus because it is film focus and it is of course 
the most reliable. Sometimes getting the chance for an eye focus can 
seem like a luxury. Hence the value of the previous two methods: esti¬ 
mating and measuring. But eye focus assures the greatest chance of at¬ 
taining maximum sharpness. Eye focus is ground glass focus, is focus on 
the film plane, which is where focus belongs. This assumes the specifi¬ 
cations of the camera, including the ground glass are at 100 percent. 
This is generally a good assumption, but not always true. 

If you experience a discrepancy between eye focus and the lens fo¬ 
cus etchings on the lens, set from a tape measure, make a few checks. 
Check to see that the ground glass is properly seated. It should be 
“click-locked” firmly into place. Reset the diopter. Throw the lens out 
of focus and refocus the crosshairs. Now eye focus the lens again. If you 
still experience a discrepancy between your eye and the lens, go with 
the eye focus only! The lens etchings are not reliable in this case. Know¬ 
ing the ground glass is fixed in its proper position allows you to know 
its focus coincides with that of the film plane. This is because their 
back-focus distances coincide, as well. This is the theory of ground glass 
focus. Do not let anyone tell you otherwise. It is the way a reflex view¬ 
ing system was designed to operate. Like the first two methods of get¬ 
ting focus—estimating and measuring—eye focus has pitfalls too. So 
they all serve as checks for each other. The order in which you’ll most 
often be able to get focus in any setup will likely be estimating, meas¬ 
uring, then eye focus. 

Interactional Factors 

Here are some of the factors affecting eye focus ability. The first is dif¬ 
fusion/contrast. Diffusion on the lens, such as filters, nets, diffuse light¬ 
ing, and atmosphere, including smokes and fogs, all serve to soften 
edges. This interacts with a neurological process in our brain’s focusing 
system called surround inhibition, n has to do with edge contrast. 
Edges are what we focus. As we perceive an edge, we perceive light 
stimuli of significantly different intensities. The brain enhances this 
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contrast by shutting off, or inhibiting, neurons that read dar] 
light and vice versa. This increases edge sharpness, which is fj,,. ( . X . *° 
rion we use to focus. Diffusion decreases edge contrast, whiti, 
less stimulation of this process. This reduces further our sense oi\T* 
contrast. This reduces our ability to focus. ^ 

Certain colors seem to make objects more difficult to focus, sh ir 
eyes in a person being focused mean sharp focus to the person focusin , 
Gray eyes seem particularly dii ficult to focus. So do skin tones. This is 
anecdotal and is from experience only. There is no scientific documcn 
tation to support this. It seems likely the effect has to do with medium 
tonality, as opposed to values closer to either end of a contrast gradient 

Texture has an effect. Smooth surfaces lack edges, hence they lack 
well-defined shadows, hence they lack clearly defined edges. 

Fatigue is an obvious factor. However, there are two types. The first 
is physical. The second, though often not considered, can have a more 
immediate and profound effect. This is neural fatigue. Receptors in the 
eye receiving stimuli can become overstimulated, his is a result of in¬ 
tensity or duration. This results in fatigue and a momentary loss of 
ability to focus and judge focus. This is called habituation. Avoid overly 
bright single-point lights or highlights for focusing. Don’t look at focus 
too long. Look away, then look back. Don’t overfocus. This is important 
in setting diopter focus, as well. 

Age is a factor. You’ll notice that an older person’s diopter focus 
will often change throughout the shooting day. If an operator begins to 
complain of softness, check it, but consider asking him if he’s checked 
his diopter setting lately. 

Stress level affects the ability to focus and to judge focus. This h 
probably a process related to habituation, sensation overload. Impof 
tantly, stress is also why an operator may say something was soft if 
happens particularly fast. I his is especially true if the shot was diffh 
for him. This is not a way for him to cover his mistake, unless 
creep. Also, he has a lot of composition and operating to look at a 11 
think about, on top of just seeing focus. So don’t get shaken. 

Eye cup pressure can change the shape of your cornea. Don’t sfnas 
your eye up to the eyepiece. Think first and use a light touch. 


I emperature affects focus in a lens for the focus puller. Vou 


ma>' 


re-mark a lens that experiences a slight shift when using a telext en 
After taking it out o the prep room and into a much higher o r ^ 
temperature, you may experience another shift in either d* reC ~ 
Some lens techs maintain that higher temperatures cause a lens to 
longer, in terms of its etchings (higher footage readings), arl ®.rr e r' 
versa. Be aware of this. Minor collar shif ts can make a significant di 
ence on a long lens. 
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The second effect of temperature is simpler, but can be harder to 

correct. Condensation can form on the eyepiece. In cold conditions it is 

cleared by raising the temperature of the eyepiece or by a quick blast 

of air. If condensation forms in a lens, the only cure is to sit on your 
thumbs until it goes away. 

Both spinning-mirror and pellicled cameras have drawbacks. Mir¬ 
ror flicker is fatiguing at certain speeds, and it is hard to see fine focus 
through it. A glass pellicle, though flicker-free, transmits less light and 
can be hard to look through, especially at a low-light scene. 

Lens parameters can greatly affect ability to see focus. The max 1 - 
11111111 telephoto end of a zoom lens, at maximum aperture, shows focus 
most easily. This is because it so readily shows what is out of focus. The 
wider the zoom setting, and the smaller the aperture, the harder it is to 
set focus. A wide-angle lens even at large apertures has a very broad 
shouldered depth-of-field gradient. Setting a wide-angle lens to focus 
by tape alone is tough, because the etchings go from, say, 12 feet to in¬ 
finity. So where in the black space is 17 feet, G inches? Eye focusing pro¬ 
duces no abrupt snap in or out. So use a combination of eye focus and 
tape to kind ot reach an agreement. If the lens is only moderately wide, 
like a 35mm (in 35mm format), it can really get you. It’s wide enough to 
be hard to snap focus, yet long enough to have a considerably limited 
depth of field at short object distances. On the same count, only the 
sharpest operators catch softness “in shot” in spinning-mirror cameras 
using ivide-angle lenses. To the same end, always check that the diopter 
is properly set. 

Finally, when eye focusing, allow for the above limitations of the 
eye/camera system. Choose moderately contrasty objects, like slates, let¬ 
tering, eyes, grids, and charts. At night, rather than focus directly on a 
light point, it’s better to shine a light on a contrasty object. Bright light 
from very bright objects, mixed with other factors, can result in an “in- 
eye” form of halation from glare. Very bright light strains the eye 
(physiologically and neurologically). High contrast causes strain, as 
well. Both can cause habituation and neural fatigue. Glare optically re¬ 
duces contrast, and strain reduces the eye/brain ! s ability to discern con¬ 
trast and sharp edge focus. 


*k°ds ot Achieving Focus 

Eye focus is usually done in a few different ways depending on who all 
is involved. This can be the first assistant only, the first and the opera¬ 
tor, or the first, the second, ami the operator. 

In all cases you should have the say oil what marks are to be taken. 
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is 


You can’t insist for obvious reasons. Still, most good operator - 
stand why it’s optimal to defer to your expertise. Un d er . 

In the first case, with only yourself, the process is obvious w 
first and an operator, he will eye focus and you’ll mark the l en ^ a 
ways ask for the most important marks first. The two of you * 
cut short by an anxious director or production manager. Also ask ^ 
fewer marks than you may take by yourself. Why? Because the ' 

“ ttlan i 

busy. 

If you are in front of the camera with a slate (for focus) and the 
erator is focusing and marking the lens, take fewer marks. Fevve 
marks reduce the possibility of confusion as to what all those mark 
mean, once you get back to the camera. 

If you have a second assistant with you, his time should be yours, 
and you can take a few more marks. Please, don’t plant the poor guy in 
the middle of where others are trying to work. Again, get your most 
important marks first, because both of you may get “shooed” off tin- 
camera at any time. Even with a second you may consider going out 
yourself with the slate. Let him focus and mark the lens. You know 
what marks you want, and you won’t have to be shouting and waving 
across the set. 

If the operator is helping you and the second, keep the communica¬ 
tion simple. The operator will usually defer to just you talking to the 
second even though he’s focusing. Avoid confusion. Ask for fewer 
marks. I would never send a second assistant out with a tape and slate 
in this case unless it is really necessary. In that case the operator 
shouldn't mind the inconvenience of such a circus. 


FOCUS AIDS 


Besides traditional methods, newer methods have been made available 
by modern technology. There arc devices, electronic and optical, to a* 
measurement. Computer-assisted focusing systems are available. Thy' 
even come with their own crew. 

Optical yardsticks that give out a reading of distance sighted s‘ < ^ 
like a good idea. Their optics are dark and hard to focus and 1,0 
through. Maximum distance measured is only 40 feet. f(l 

Electronic systems can measure hundreds of yards. You ne . . 
have a second piece of equipment to bounce back the signal at 11 • , 
distance. This requires two bodies to use the system and the 
body would probably be in the shot. It also takes extra time 
through these motions. . t js 

A computer-assisted system, complete with crew, Is availab e* 
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for one-time shots. It can pul] from full figure at 300 feet to full-frame 
eyeballs and never go Bofit. It is obviously expensive, but it has a value 
for special applications. 

This book is trying to stress an approach that is as organic as possi¬ 
ble from setup to shot execution. All these specialized devices and sys¬ 
tems stray from that clean, core approach. 


MAKING marks 

focus marks are a collection of different methods of notating “in-shot” 
focus points and labeling them for focus pulling during the shot. Some 
methods are obvious. A few variations on some of the standard meth¬ 
ods may, however, speed the setup process (making marks), as well as 
limit confusion in complicated shots. This is done by simplifying, his 
will make recall and focusing easier during the shot. 

Marks come in different sizes, shapes, and even material. They are 
made in a few different ways. All have advantages and disadvantages. 
Marks are made on lenses, follow-focus disks, and floors. On cameras, 
they are focus marks. On floors and sets, they are dolly marks or actor’s 
marks. There is usually a trade-off between speed and simplicity for 

clarity and precision. 

There’s a certain old guard charm in a few lines made on a lens 
with a grease pencil that is then stuck back behind the ear. It’s fast and 
simple. Some very good focus pullers can fit) this in a very complex 
shot, even with numerous marks. The posturing seems kind of like an 
old-timer thing. It’s also Zen. But for many, grease marks can be hard to 
read, confusing to recall, and not precise enough. And if you have to 
make too many marks, grease pencil can be messy. Grease pencil will 

work in wet weather. 

ape strips can be more precise and easiei to read. I lit \ takt <i bit 
longer. They’re cleaner. The tape can cover lens etchings, whit h disal¬ 
lows compensating for missed actor’s marks or other deviations. Io 
help, you can make the strips thinner, but they are harder to write on 
and many marks become harder to read. They “erase” quickly with one 
t^uick zip of the tape. Tape does not stick in wet w^eather. If you make a 
mistake on a strip, you often have to start all over. When marking tape 
with pens, I’ve found medium points okay for most uses. But the longer 
the lens, or the faster moving the object, the finer a point you must 
use. Tli is is so you can make more marks closer together that are more 

precise. 

Tape arrows offer you the changeability of grease pencil. They 
“erase” quickly. They can cover lens etchings. Thin arrows avoid this, 
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but it’s harder to write numbers on them or read them. They’re hartfe 
to handle and place on a lens with accuracy if your fingers are at all bi 
or cold. In wet weather tape arrows will not stick to the lens. S 

All methods have times they should be used and times they sho U ) { [ 
be avoided. No one method should be used to the e xi lusion of 

others. 

Differentiation by set and series is key in mark making. A mark 0 f 
any kind distinguishes particular foe us points in th( si t, such as actor’s 
marks or dolly marks on the floor) as well as focus points on the Ictis 
These are distinguished from an infinite number of other points that 
may be selected. They tell you to twist the lens to, or focus, these points 
But two marks can coincide, or a set of marks may overlap. This occurs 
when objects approach and recede in the same move. This also occurs in 
multi-tiered crane moves or circular dolly moves. Such marks, though 
occurring at the same points on the lens col lar, must have a way to be 
differentiated from each other, 

Marks should refer only to camera position and/or object loca- 
tion/position. A mark must not specify an object. This is because any 
object or person can step into or come into a certain focus position in 
front of the lens. Do not use different-colored marks for different ac¬ 
tors. like a second assistant uses different-colored floor marks. This can 
create instant confusion. 

Marks are made unique from one another as sets or sequences. A se¬ 
ries or set of marks may be a different color from other sets. A sequence 
ot marks is composed of marks that all have numbers that are different 
from all the other marks in the sequence. 

Crane moves, especially free-form moves (hose down the rock band 

with the camera), are probably the most complex. Here marks can be 

put into sets by color and the sets of marks numbered into sequences. 

But before we start with the most simple case, know this simply but 
useful guideline. 

U hen choosing and making marks, take a tip from cognitive learn- 
ing psychology. Seven elements, plus or minus two, is the optimal nunv 
ber of objects for storage and recall in human memory processing- 
object distances that increase and decrease, or vice versa, in the same 

e is the simplest case. The object to be focused may be moving ^ 
the camera may be moving. Both may be in motion.'simply use one 

C °,°^„° P enci1, stri P mar k> or tape arrow for objects that approach an 
a different color mark for objects that recede. You can number th«*f 
marks if appropriate. With tape strips, numbering can be cramp**’ 

meS w-n? rd t0 rCad> an<3 confusin S- With tape arrows it’s easy. 

, * a P c * 111 ou s you can avoid colors and just put two numb 41 
e same an ow. If you need three numbers, it can get cramped, ha* 
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to read, and confusing. And if there are any changes, which are bound 
to occur, things turn into an illegible mess. 

' tiered crane move is very complex, but it can be simplified. 

This is done by breaking down the move into three simpler moves. 
Let s say ) ou have an arcing move. Each end of the arc is farthest from 
the object. The midpoint is the closest. Now the director and producer, 
each for his own reason, call for three levels, or tiers, of “bucket” swing. 

Even if you stick to the magic seven rule, you already have twenty-one 
marks. 

f orget it. And you will. 1 he answer make each tier a set that is dis- 
tinguished by a single color of arrow, i'hen number each color set in 
sequence, one through seven. Here you’ll have to put two numbers on 
some arrows. Use big arrows. They’re easy to read and write on. Again, 
seven is the optimum maximal number. If you can get by with fewer 
marks, you’re better off. The fewer marks, the less confusion and po¬ 
tential for disaster. If you make a mistake in setting and labeling the 
marks, it will be easier and quicker to correct. Always use as few marks 
as possible. I’ve met one assistant who claims he never uses any marks. 
Well, if you never use any marks, you never have to change them. 

Marks can and often do change. Especially if a director/cameraman 
is blocking out a shot. A method of numbering marks must take this 
into account. It must allow for change without necessitating a lot of re¬ 
numbering. It’s messy, confusing, and takes time. 

This numbering method works for floor marks (dolly marks) and 
lens marks. If, while blocking, they give you the marks in order—first, 
second, third, etc—life is fine. This is rarely the case. Dollies are usually 
parked first, and the camera is aimed at the “meat’ of the shot. The rest 
of the shot is built around this. The “big” part of the shot is rarely the 
first part, especially in dolly moves. Often the middle or last part of the 
shot is set up first, and its marks are taken first. But what is the num¬ 
ber of these marks? How many marks will go before? If you’re doing 
an involved, heavily choreographed move, there could be some very 
important points you’ll want to mark between the first mark and the 
last. But you haven’t been shown those yet, and you don’t know 
whether between the first mark and the last mark there is one addi¬ 
tional mark or a hundred. So when you give yourself a mark on the 
lens and on the floor for this last mark, what number do you give it? 

You can’t know, so the answer is to label this last mark with an “X." 
An “X” can be any number, and at this point it is any number. Because 
of this, any number of marks can go before it. This happens when the 
director, or whoever, goes back to the “top” of the shot, which is most 
common after he sets the “big” part of the shot. The director will usu¬ 
ally, at this point, set a first mark. Give it a #1. You now have a #1, a lot 
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of feet of track, and an “X.” If nothing important or critical for¬ 
going on in between, you could change the “X” to a #2 andhT^^ 
with it. But wait! “I've just had a brainstorm!* the director sho ^ 0lle 
leaps back onto the dolly as he knocks you over. “In between ^ 
this, this, and this!” He sighs, marveling at his own awesome’ . 
calls for his “cell” phone, and wanders off muttering to himself* 1 ' 1 ^ 
just given you three more marks. These are as rock solid as a mount ** % 
of Jell-O, which is what Hollywood is built on. You now have marL 
numbered 1, 3, 4, 5, 2. If you had left the “X,” you’d have marks num 
bered 1, 2, 3, 4, X. Which looks easier? Also, you may want to add a f ew 
marks of your own between #4 and “X,” if you’re in shallow depth of 
field. 

But other things can change, like the client. The director is now 
talking on his phone. Suddenly the AD is there. The client has added a 
shot. “We can’t go over schedule or we’re dead,’' the producer whines as 
his dream of a Mercedes turns into a Lexus. The director will save the 
day. He’ll make this shot into a larger shot that will cover two shots on 
the board, and we’ll still have time for the client’s shot. The director 
leaps back onto the dolly. “Take me to one!” He masterfully commands 
and heroically begins expanding the shot. 

The last mark is no longer the last mark. The move is extended and 
four more marks are given. What do you number these? I suggest any 
of these three approaches. Choose the one that you like best. You can 
now have 1, 2, 3, 4, X, 6, 7, 8, 9, etc. I like this best. It’s the least tricky. 
Skip a number and continue on, then later you can change the “X” to a 
#5, or whatever number is appropriate. Or at the time, you can inune* 
dlately replace “X" with its number and continue on. You now have 1* 
2, 3, 4, 5, 6, 7, 8, 9. Finally, you can leave the “X” in its original position 
and label subsequent marks XI, X2, X3, etc. I like this least. It’s tricky 
and confusing to read. It docs show what extra (X-tra) marks ' vclf 
added, but it’s rarely necessary to remember what additional marks 
were given later. 

Remember! Whenever possible, keep it simple. After more 1X11 
have been added, go back through the move and see if you can i 11X1(1 
some of the less critical focus marks from the lens. . 

* * c cij 

But life, especially on a set, is not a simple thing. Everything 1 
ject to change. Even the first mark. How do you number a mark ( ^ 

no longer the first mark and still keep it in sequence? What nm 11 
are less than one? What number is even less than zero? 

Use the numerical meaning of “one” to change the design®* 
the “first" mark. This means that the number “1” is merely a und ° ^ 
infinite series extending negatively and positively along a 
toward infinity. One meaning “first” is merely a convention that 


iarks 
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jio serve our purposes here. It may as well be #47 or -305. So if a direc¬ 
ts c anges t e first mark, you may leave the number “1” mark in its 
p ace. vious y, number the new mark zero, since that precedes “1” in 
our system. And next use “00” But what if “they" keep adding first 
marks. Use minus numbers. But notate them a little differently than 
you norma y would. Minus “1" (-1) looks too much like “1” and so on. 
Replace the minus sign (-) with a zero (0). This is easily distinguished 
visual y. So you might have (going in reverse), 01, 02, 03, 04, etc. 

But wait! What if the director goes way down the track, past the 
head end of the shot? What number do you use? Remember, this mark 
represents the last mark going in the negative direction. Because we 
can’t know for sure its ordinal notation, we use an “X” and because it’s 
in the negative direction, we use a “0." So the number will be OX, of 
course. So you can have OX, 03, 02, 01, 00, 0, 1, 2, 3, etc. And again, any 
number of points can be placed between OX and 03, because OX can be 


any number. So there is your bullet-proof, director-proof numbering 
system. 

An orderly, cut-and-dried system of mark taking and labeling re- 
ally pays off in situations that seem less cut-and-dried. A system, any 
system, introduces order and simplicity when seemingly fewer rules 
than normal can be applied. Here are a handful of special cases. They 
often pose complex focus problems but are regularly seen for certain 
applications (shots). 


SPECIAL CASES 

Multiple Mark Designation for Circular Dolly Track 

Lovers, performers, and group interviews. Ask an assistant what he 
fears most. More than long lenses, more than low light, comes the an¬ 
swer: circular dolly track. It’s a favorite for those lyrical camera moves 
on lions, tigers, and bears, oh my! 

he simplest case is one object in the center of a circle—as long as it 
stays there. Actually, I’m going to treat this last. It is simple enough that 
there is a fairly rigorous way to cover the focus for this setup. You’ll 
appreciate it after going through a handful of related paradigms. 

Three objects are much like two objects, so well do three in one arc. 
This is commonly used in multiple artist (guest) interviews. They’re 
usually seated. This is good. It restricts movement. It doesn’t control for 
leaning. Caution is still needed on long lenses and close-ups are a staple 
of this form of shooting. See Figure 2-10. 

Marks will be colored and numbered. Here, because each object is 
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Figure 2-10. 

Circular track and 
multiple marks—one 
arc. three objects in 
center. Take extra 
marks front and back 
as needed on CUs 
(close-ups), remember 
the DOF zones, use col¬ 
ored tape for each ob¬ 
ject and number 
mark, and make extra 
from and hack marks 
for leaning. 
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“nailed down,” you may use a separate color for each object. Red can be 
for one, yellow for two, and white for three. In this example, two is in 
the center. All points on a circle are equidistant from its center, so in 
theory one mark should provide focus for all camera positions. Marks 
for objects one and three, though different colors, represent symmetri¬ 
cal object distances and in this sense denote the same “focus.” They 
should fall on the same place on the lens or follow-focus disk. In the in¬ 
terest of clarity you might place one object’s (color) marks on the fol¬ 
low-focus disk and the other object’s (color) marks on the lens. Object 
one and object three’s numbers will mirror-image each other, crossing 
over at position three. In the interest of being “fast,” you should be able 
to get all marks by taking object two’s central mark and then those of 
either object one or three, not both. So you need to get only six mark 5 
instead of eleven marks. This should cut your time in half. Cover le an * 
ing by “squeezing” the lens. Video assist is an obvious help in knowing 
whose “single” you’re on. The DP/operator will probably be free-fbi m 
ing. Remember depth-of-field zones, but obviously you should try t° 
stay as “right on” as possible. 

Next is one object-one arc. This object is not in the center. See 1 ig ll ^ 
2-11. This means fewer objects, but more marks per object. Though 0 
center, there is still symmetry. Unlike one central object, anywh< 11 
the arc is not the same focus, but symmetry helps because #1 an< ■ 
the same focus. This is true for #2 and #4, as well. Take three m>n s 
stead of five. Take extra marks, as needed, along the movemen ^ 
(leaning). If the object moves along axis A, camera position #2 ni C 
tra marks. If the object moves along axis B, camera position #4 ne ^ 
tra marks. Camera position #3 might need extra marks if niinC 
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„„ 2.11. One arc, 

2 SJ 5 ---E 

?" Take «tra marks 
f r ,, n y camera jxjsi- 

S» « axia wi.h Ob- 

jpct movement. It 

move (A), position #2 
needs extra marks, 

,jiav also. If move (Bfc 
position #2 needs ex- 
tra marks, #3 may 
also. Positions #1 and 
#5 will probably not 
be used. Use colored 
tape and # marks, but 
label marks A and B 
for front and back. 
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along axis A or B is extreme. Camera positions #1 and #5 will most 
likely not be used, as this would require almost a 360-degree set, which 
would prove lengthy and more difficult to prop and light. If this is 
done though, take marks for #1 and #5 and take extra marks as needed. 
Remember depth-of-field zones. They may save you here with greater 
object distances at #1 and #5. Use one color tape mark, but designate 
front and back wherever extra marks are taken (for example, IF, IB, 2F, 
2B, etc.). This should cover leaning. 

Next is a case of three objects that are off-center. See Figure 2-12. 
Anywhere on the arc is not the same focus, but symmetry helps. This is 
because of shared focus positions of marks. You can cover all focus 
marks with eight marks instead of fifteen. Use a different-color mark 
for each object and number them accordingly. Start with center object 


1 igure 2-13. 

'objects not in 
Multiple guests 
usually seated 1 
strict movemer 

* ra a an 

eeded on Qjs. 

'uember DOF z 
ini** U! * c °l°red 

atlH eac b extra i 

lean- ack mar k 

' ln g objects. 
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2 Take marks for positions ^2j and #3* Cameia positions 
are the same as camera positions #1 and #2. For example, use red f ^ * S 
ject 1, yellow for object 2, and white for object 3. Marks f or ^° b ‘ 
should be a mirror image of marks for object 1, with crossing 0v *' Ct 3 
sharing of central numbers and camera position (camera positio^ 
and object 2). Compensate for leaning by squeezing. You’ll probabf 
shoot singles, so get front and back marks (for example, IF, n 
etc.). Again, video assist is an obvious aid. Remember depth-of-p,^ 


zones. 

Next is one object. It’s off-center and there is no symmetry. 

Common points are not regular. You must take marks from all 
sitions. Take any extra marks for any camera position on axis with lib- 
ject movement. If there is movement along axis A, position #2 will need 
extra marks. Position #3 may also require extra marks, depending < n 
the amount of movement and the depth of field. The same is true for 
position #4. If there is movement along axis B, position #4 will need ex¬ 
tra marks. Position #3 may also, again depending on movement and 
depth of field. The same is true for position #2. Positions #1 and #5 will 
probably not be used. Take their marks, as needed, if they are used Use 
one color tape. Number them and label them front and back accord¬ 
ingly (for example, IF, IB, 2F, 2B, etc.). See Figure 2-13. 

Three objects, all off-center, is probably the most difficult of these 
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Figure 3-13. One arc, one object not in center, no symmetry, common o j 
points are not regular. Take extra marks for any camera position on axi ^ 
object movement. If move (A), position #2 needs extra marks; #3 8 g ^Jtl 

move (B), position #4 needs extra marks; #3 may also. Positions #1 and •> 
probably not tie used. If used, take marks as appropriate. Use one color 
number marks, and label marks F and li for front and back. 
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situations. The least can be done to simplify it and the least can be said 
about it. There is no symmetry and no common marks, You must take 
all marks for each object, at each camera position. Color and number 
them. Cover leaning by squeezing. If necessary, take front and back 
marks. V ideo assist is always a help when doing singles. And you will 
definitely do singles. Remember, depth-of-field zones may work for 
you at camera positions of greater object distances. 

Now the simplest case: one object on-center in a circular move. See 
Figure 2-14. Of course, for the simplest case the most can be said. This is 
a classic for a vocalist’s romantic close-up. Lovers do well in this shot 
too. The camera is allowed to “caress” the talent. In theory, one mark 
holds focus for all positions. But people rock back and forth, especially 
musicians and lovers, who are emoting. This means that lovers and art¬ 
ists don’t always remain in the center and they don’t necessarily re* 
main in one mark focus. 

This is free-form shooting, where they roll the camera and roll the 
playback and shoot. At any point, you can’t know where the camera 
will be. Talent may move along axis A or along axis B. The camera 
could be perpendicular to the axis and no focus change is required. The 
camera could be on the movement axis, which would require a focus 
change. Taking one mark and squeezing can get hairy. It is also very 
Zen, if you can do it. But messing up isn’t. Well, this can be argued, but 
anyway ...There are some guys who can do this with one mark. And 
you should be ready to try this at any time it becomes necessary to “just 


POSITION # 3 


rijfiire 2-14. Circular track. 
At position #1, measure and 
take mark at critical object dis¬ 
tance, Focus lens 1 inch for¬ 
ward Pull focus 1/2 circle 
diameter as object nears object 
circle perimeter* Roll focus 
back as dolly to any other jm>- 
sitioQ' Repeat steps as needed 
at any new position when 
there is on-axis object move- 
On axis A—forward and 
J ack* Cross-axis B—side to side 
(talent may turn to camera to 
swap* these parameters). 
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go.” The alternative is an infinite numbei ot possibilities for | 
ing. This would take too long, be too confusing, and guessing 1^' 
mark would most likely be used would be purely that—guesswo,* ha » 
the way, by not taking all possible marks, you are engaging i n a 

tic process. Remember that? ls 

Here’s the best way to do it. fry to have (basically pray, t H > . 
you can’t ask) the object centered. Sometimes a director may sacrifi* 
bit of “interesting” to give you a fighting chance of getting his sh * 
Draw a small circle on the floor, around the object’s ideal central n ^ 
tion. Make the diameter of this circle twice the difference between 
measured distance to center and the near limit of depth of field for fl/ 
taking lens, at the taking stop, not the whole depth-of-field range. This 
will make the circle conservatively small. 

Now, with talent in there, squeeze lens focus to one inch in front 0 f 
measured object distance. At close focus distances, this will buy v<m n 
extra margin of safety in the smallest part of your depth of field zone 
The combined effect of pulling focus forward and the depth-of- 
field rule breaking down at close values (Vfe/Vy will leave the front part 
of the zone almost the exact same size as before and an inch closer to 


the camera. The back range falls off to a slightly greater degree, but 
this too is small and we aren’t using the back part of the zone much, in 
this case anyway. 

If the actor steps toward you and crosses the circle with the plane 
of his face, squeeze back half the diameter (radius distance) of the circle 


At camera position #1, the actor moves along axis A. The back part of 
your depth of field zone still overlaps the circle talent has just crossed. 
Now more care is needed here. You have shortened focus and decreased 


depth of field, and the dolly begins to move to position #2 (or the other 
way, ii doesn’t matter). Your depth of field is still reaching back into 
the front radius of your little action circle that t a lent is standing in* 

As you move to position #2, and talent is still leaning forward, ob¬ 
ject distance is increasing. Roll focus back to its original setting. This in¬ 
creases depth of field. Also, if he’s rocked back, which he probably will* 
you’re setting the lens right to his critical focus. 

If you get to position #3 (again, it works in the other direction als' 1 ) 
and talent is still rocking along axis A, he’ll be smack in the middle of 
your focus zone, because he’s moving off axis anyway. If he moves to- 

vvard ) ou (along axis B), repeat the previous step as he bumps the i’ 1 
cular boundary. 

Also, at setup take two extra measurements besides critical objed 
distance. (Critical object distance is camera to center of circle, or canid* 
to talent’s eyes. Whichever is the shortest object distance or sma llest 
value is your critical object distance in this special focus-pulling t eC ^ 
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nique.) The first of the two extra measurements will be camera to near 
edge of the action circle. The second of the two extra measurements 
will be camera to the far edge of the action circle. Put small marks for 
them on the lens. Your depth of field will cover a circle that measures 
across one half the radius, up to the full action circle depending on the 
circle of confusion that you are using. High-tech DPfc know this changes 
according to your projected format. As you are squeezing focus in the 
shot, check to see that you’re staying nearly between these marks. Most 
likely you will be staying closer to the front limit, as opposed to the 
back limit. During rehearsal watch the actor to see if talent favors a 
particular direction off-center. Most rock forward, where focus is more 
critical. If talent rocks back and you squeeze back, depth of field will 
increase, making things easier. You must still be very careful at these 
“low tolerance” parameters. This somewhat scientific approach works 
at light levels as low as T4 on a 50mm leas. Most guys (DPs) I’ve done 
this kind of shot with will light to a T5.6 or Tft. They promise you a Tfl, 
but you usually get a T5.6. 

Complex Crane Moves 

Besides moving in great sweeping arcs, cranes can dolly side to side or 
in and out. This creates the potential for very complex moves in three- 
dimensional space. 

Here you must really depend on operator-assisted eye focus and 
marks. Take sight lines off the set to try and establish an idea of where 
you are in space, during the shot. Start and end focuses can be estimated 
if you’ve developed a general feel for the “trig” functions. Certain gen¬ 
eral rules can be applied to almost any shot. 

Think about the shot. Try to visualize it as though you are re¬ 
moved from it. Try to reduce the move to a basic geometric shape. 
Then study the speed, tempo, and rhythm of the shot. When is it going 
fast? When is it going slow? When is the percent of movement great 
with little percent change in object distance and vice versa? i he less 
vertical, or more horizontal, the camera angle at the top of the arm, the 
slower the object distance changes as you arm up or down. 1 he more 
vertical the orientation of the camera angle at the top of the arm, the 
faster object distance changes through a “boom up” or “boom down.” 

Let’s combine moves. If you dolly in or out as you arm up or down, 
you see from Figure 2-15 that you are moving along the hypotenuse of 
a triangle. This means that focus will change faster than the dolly is 
moving. Again, the more acute the camera angle at the top of the arm, 
the greater the ratio of focus change to dolly movement. The less acute 
the camera angle at the top of the arm, the smaller the ratio of' focus 










A. DOLLY IN, BOOM DOWN. CRANE MOVES DOWN HYPOTENUSE. 



B. DOLLY OUT, BOOM DOWN. CRANE MOVES DOWN HYPOTENUSE OF SIMILAR 
TRIANGLE TO A MORE ACUTE TRIANGLE. 



C. DOLLY OUT, BOOM UP. CRANE MOVES UP HYPOTENUSE. 



* 


D. DOLLY IN, BOOM UP CRANE MOVES UP HYPOTENUSE OF ACUTE TRIANGLE. 


?*■». 2 "‘ S * ln f d °Uyuig in or out. if camera (lens) axis and dolly axis share a comm 
fiv-viB nti * travel)) lens focus will always change faster than dolly’s relationshi] 

s (jKjint). Distances on lens will change faster than distances covered by the dolly. 


one* 1 " 

. „Mi*d 
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change to dolly movement. As lens axis to ground angle annr™rh« 

ships r™7im!rsp ?°V “St ^ " lr "l’ k 

arm. Looking at the triangular math tables that accompany Figure 2-16, 

you can see that for any elevation of the camera, a, aVdegt down 

ang e, your object distance is twice that of the camera elevation At a 15- 

Cgrec ( own ang c, your object distance is approximately equal to that 
of the camera elevation. 



a 


Elevation of 10' = a (height) 

Internal angle of Zb (Camera down angle) 15° b = 2.6795482'. H = 10 352781' 


Elevation of 15' = a 

Internal angle Zb (Camera down angle) 


30° b = 5.7735027', H = 11.547005' 
45° b= 10', H = 14.142135' 

60° b = 17.320508', H = 20' 

75° b = 37.319721', H = 38.636292' 


15° b = 4.01932224', H = 15.529172' 
30° b = 8.660254'. H = 17.320508' 
45° b= 15', H = 21.213202' 

60° b = 25.980762', H = 30' 

75° b = 55.979584', H = 57.95444' 


Elevation of 20' = a 

Internal angle Zb (Camera down angle) 15° b = 5.3590963', H = 20.705562' 

30° b = 11.547005', H = 23.09401' 
45° b = 20', H = 20.28427' 

60° b = 34.641016', H = 40' 

75° b = 74.639445', H = 77.272586' 


Elevation of 30' = a 

Internal Angle Zb (Camera down angle) 15° b = 8.0386448', H = 31.058344' 

30° b = 17.320508', H = 34.641016' 
45° b = 30', H = 42.426405' 

60° b = 51.961524', H = 60' 

75° b = 111.95016', H = 115.90888' 


llSl,Tt 3-1 G. 


Triangles can be used to estimate hard-to-judge object distances from the air 
(ex-crane shots). 

H = object distance 
a = camera elevation 
b = horizontal displacement 
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Trv to borrow from all other focus scenarios. On wider lenses 
larger T-numbers, remember depth-of-field zones. If you’ve al r ^ 
done three-tiered arc moves with marks, the different-colored tab^ 
good for any diagonal arc moves, up or down. Practice a move, or 
least your focus, as much as you can. 1! i 'ie operator’s looking throu i! 
the lens, you’ll distract him, so you can’t physically practice your f 0 / 


_ l you _ . wm 

Visualize the move step by step in your head. It works. You’ll find t | 1( 
move will become more of a learned response. According to learnin 
theory, visualizing the move means that you are rehearsing, storing 
recalling, and performing. Verbalization of each step performed in¬ 
creases accuracy of each step performed from 50 percent to 70 percent 
Chances are the operator will want to rehearse the move too. You 
should rehearse constantly until it’s time to shoot, or until you feel you 
have it down. Crane moves can be a bear, but ai the same time they can 
be very satisfying. 


BEFORE PULLING FOCUS 


“Have you gotten your marks?” the AD asks. “Are you guys ready? 
Great.” Before you can answer, he walks off. “Okay folks, here we go..." 
It’ll take him a minute to get everything going. This is an important, or 
at least a valuable, time for you; the time before the shot, before the fo¬ 
cus pull. 


Now is the time to run everything. Go over in your mind every¬ 
thing you have learned about the shot when you watched rehearsal, 
saw the shot, set and made marks. What deviations were there? A com* 
mon automatic brain mistake is to forget this point. It seems to become 
a magical assumption that when the camera is switched on, ideal cir 
cumstances will prevail. Hopefully, the take will be a bit better than 
the rehearsal. Is talent a pro or an amateur? Professionals warm up to a 
peak through repeated takes. Amateurs usually stay the same oi 
worse. Did talent sit straight or slouch? Is talent “all over the pl aCt> 
when they get up from a chair? The operator will be muttering ah t,u 


this one too. 

In the last few seconds before the shot, relax. Clear your mind ti'i 
second. Deep breathing is good here. Here’s one final trick if* . 
tense over a complex move. Place your thumb, exerting pressure, i* 1 
the hollow at the base of your skull. Put your other hand over ) 
first hand. \our arms and elbows arc at head height. Take ■* * ^ 

hi eath. I hen exhale deeply while bending forward from the waist ^ 
bringing your elbows together. This is very clearing and focusing 
Y°u tl pardon the expression. Now you’re ready to pull focus. 
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FOCUS ■, ^ 

Conventional Techniques 

Focus pulling can be simple or very elaborate. A simple twist or accom¬ 
panied by use of visual aids; assisted focus with other people and radios; 

remote focus and other special techniques; and even a few tricks can 
make up a focus pull. 

Let s stai t with the simplest and most organic. Your hand twists a 
bare lens. This occurs often in sports or documentary situations, where 
guei rilla filmmaking is the order of the day. A follow focus would be 
used on bigger projects, where there is more time for setup and mini¬ 
mal camera configuration is not of such great importance. 


Focus (Pulling) Aids 

Visual aids can assist sighting and focusing objects at greater distances. 
A prime example of this is shooting race cars coming toward you down 
a long straight stretch of track. Depth and distance perception at longer 
ranges seem to be mediated differently than at close range. This is why 
some form of visual enhancement for the focuser becomes useful here. 
Binocular cues are less important at longer ranges, compared to shorter 
ranges. The effect of depth produced by binocular parallax diminishes 
beyond certain distances. For objects at close range, the separation of 
the two eyes is enough to produce parallax, or visual disparity between 
the two images on each retina. For objects far away, this retinal dis¬ 
parity becomes too small to be an adequate stimulus for seeing depth. 
To the eyes, images appear practically identical This can make land¬ 
marks useless. The diminished effect of binocular parallax makes it im¬ 
possible to tell if an object is behind, passing, or in front of critical 
landmarks. 

Use a spotting scope. An 8 (eight-power) monocular accentuates dif¬ 
ferences of distances. It creates a perception of changing small angles to 
large wide angles. It is small angles of distant objects sighted that ap¬ 
pear to be parallel angles or lines. Thus the angles subtended appear 
equal and objects subtending them appear at equal distances. This 
makes the judgment of varying depth and accompanying object dis¬ 
tances impossible. A spotting scope overcomes this. It also enables you 
to pick out different objects, such as cars, by numbers or appearance. It 
also enables you to see more like the operator, looking through the 
long lens, is seeing. This is an obvious plus. 

Video assist also allows you to see as the operator is seeing. This al¬ 
lows the assistant to know what to focus on in tight shots. A good ex- 
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ample of this is “table top,” with or without snorkel lenses. Anoti,., 
automotive example is car commercials. You’re doing running S ^ (J |' 
car to car and the operator is “massaging different parts of the < | f 
Again the application here is obvious. 


Assisted Techniques 

A second assistant can be of value in a focus pull. He or she can walk 
next to the object and indicate with radio or hand signals as the object 
passes focus landmarks that the focuser can’t see or can’t judge the rela¬ 
tive position of due to distance parallax. As the focuser you have to 
watch the assistant and the lens. Sometimes this isn’t possible. 

One solution to this problem is not to look at the object to be fo¬ 
cused at all. Instead, the second sights the object from the camera, with 
or without a scope, or from next to the object. The second and you have 
numbered landmarks and their corresponding marks on the lens. As 
the object approaches and passes landmarks, the second calls out their 
numbers as you look only at the lens and pull to the corresponding 
marks on the lens. Often a cadence such as “And one...and two...and 
three...” increases the accuracy of the focus puller’s timing. This allows 
the focus puller to roll between marks during the “and’ 1 and to be at 
the mark when the number is called. It’s a timing thing. 

Another form of assisted focus is useful in studio close-ups. The sec¬ 
ond takes a sight line of an actor’s facial plane. This is “zero.” Then as 
the actor’s face moves in front of, through, or behind this imaginary 
plane, the second assistant indicates this by holding his finger X inches 
apart. He indicates planar position by assigning one hand to “behind 
the plane” and the other hand to “in front of the plane.” If the actor is 
“dead on” his mark, the second assistant holds the fingers of one hand 
or the other, tightly together. 

Special Techniques 

Focus can be “hands on” or “hands off”—the lens, that is. Remote focus is 
necessary on snorkels or other remotely operated camera mounts. I 0 
cus controls can be “hard-wired” or wireless and done by radio. I ' 14 
latter is of course used with Steadicam and Panaglidc systems. 

Focus pulling in some forms is a technique unto itself. The fb lU ‘ 
whips on “wild” hand-held cameras are a good example. The op 1 ' 1 a ^ () 
moves and/or holds the camera in such wavs that vou can’t see (he k 
This treatment will overcome your handicap. Find your most ci i 
mark. Place a big, highly visible tape arrow on the lens. Set the h' IlS 
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it. Now attach the whip or grab the whip handle in such a way that a 
thumb or finger points in a very recognizable direction, say to 12 
o’clock (straight up). Nine o’clock or 3 o’clock works well too. Six 
o clock (straight down) is very uncomfortable. Now every time your 
finger points in the preset direction, you can know you are on your 
mark. This works well for up to three focus marks on a lens, follow- 
focus disk, or whip handle. If the operator’s moves are extremely vio¬ 
lent, the use of a whip can be dangerous and at best impeding to the 

shot. Mark the focus disk on the follow focus, You may still have to let 
go of the knob from time to time. 

The focus pull, any focus pull, is an event unto itself, over time. 
Think of the pull in an overall, or molar way. Rather than just twisting 
the helical lens mount to a series of discrete marks, think of the pull, 
from one end of the event to the other, as an organic whole. If the ob¬ 
ject distance is changing at a fairly constant rate, the pull lies more 
along a segment of a continuum. The optical and physical mechanics of 
lens function (focus) dictate a speed change in the pull that is ex¬ 
ponential, not linear. This means that the speed of your physical pull 
is either accelerating or decelerating. If object distance is decreasing, 
pulling speed increases. If object distance is increasing, pulling speed 
decreases. There is an analogous relationship between range size at 
distance to separation of lens focus etchings that helps dictate speed 
of pull. Range size at great object distances appears small. The dis¬ 
tances per unit of measurement etched on a lens corresponding to great 
object distances are separated by physically small distances on the lens. 
At great object distances, range size appears small; lens etching separa¬ 
tion is small. Range size at small object distances appears large; the dis¬ 
tances per unit of measurement etched on a lens corresponding to lesser 
object distances are separated by physically greater distances. At lesser 
object distances, range size appears larger; lens etching separation is 
greater. An object approaching from great object distances will cover a 
range of considerable distance, although the apparent range size at 
great object distances appears small. The object's movement appears 
slow. The lens etchings are closer together, so you twist the lens slowly. 
You don’t need a lot of speed to cover the physically small distances be¬ 
tween lens focus etchings. An object approaching the camera from 
lesser object distances at the same speed as before will cover the same 
distance, although it will appear to cover a range of considerably 
greater size. The object’s movement appears to be faster. The lens etch¬ 
ings are farther apart, so you twist the lens more quickly. You need 
more speed to cover the physically greater distances between lens focus 
etchings. 
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are quick 


Tricks for Extreme Situations 

The final section on technique in this chapter could almost be 
collection of tricks. But the word takes away from their value 
solutions to focus pulling problems that can and do occur. These ^ ^ 
niques range from the mundane to seemingly quite Zen. Most ^ 
tant, they all work well, are easily learned and practiced, and 
to use. 

Simultaneous zoom and focus often is quite easy. Sometimes, ho 
ever, because of speed or complexity of the move, it’s hard to hit marks 
exactly on focus and zoom collars of the lens. Use a tape stop on the 
zoom. The tape “stops” the zoom on its mark as it is pulled taut by the 
rotation of the zoom collar. Focus can almost always change. Frame size 
almost never changes. Given a choice of which to use, a tape stop on the 
zoom collar is almost always the best. Use paper tape. Cloth tape 
stretches. 

On a combination zoom and focus, there may be a second zoom af¬ 
ter the first. This negates the use of a tape stop. Your problem is doing 
two things at once. Your solution is to find a way to be able to concen¬ 
trate on one thing at a time, while actually performing two functions 
at one time. 

The key here is dividing your attention on a priority basis between 
the two simultaneously operating functions. Let’s start with a “pull 
back" (zoom out). As you decrease focal length, depth of field becomes 
larger and less critical. You are starting in tight, where depth of field is 
less. Focus is more critical at the beginning of the move. Start f ocus and 
zoom at the same time. After depth of field increases, as the frame wid¬ 
ens, you can let focus lag slightly. Pay greater attention now to th« 
zoom. As you let it come to rest on your “out” mark, now turn back to 
the focus. Pull focus the remaining amount to its appropriate mark d 
it’s not there already. You’re now free for the second zoom move. If> ° n 
the zoom out, object distance is increasing, depth of lield is increasing) 
because of this as well as because of decreasing focal length. In this case 
the parameters of the lens make this situation the most forgiving- 

Zooming in increases focal length and decreases depth of field- 
your first zoom mark, at the wide end of the lens, focus may not 
critical. Your second zoom mark, at the longer end of the lens, may 
tate critical focus. So, while still on the wider end of your move, s ^ 
changing focus and zooming at the same time, but “roll focus a 
the zoom to the second mark. With focus set, you can turn y° UI . e 
tion to landing the zoom on its second mark. You’re now free to _ 
your second zoom move. If, on the zoom in, object distance is rjjy- 
ing, depth of Field is decreasing, because of this as well as because ^ 
creasing focal length. In this move the parameters of the lens m* 
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Heuristic and Cybernetic Techniques 

A combined move could bp moIm. ;r ju , , . 

f i . siet " y ou didnt have to look back and 

or e ween zoom and focus. Suppose you didn’t have to look at the 
focus marks on the lens and were still able to pull focus to exact points 
(lens focus marks). You’d be free to concentrate on the zoom. 

You can pull to between three and four discrete lens marks and hit 
Mem exactly, without looking. This is Zen. It’s really just cybernetics, 
Your brain and body are in constant communication about where your 
body is in space. Your brain can learn quite quickly (in a few trials) to 
repeatedly reposition itself to fairly exact spatial locations. How do you 
do it? You just start doing it. But there is a “best” way to start. 

Teach your body' and brain where your hand is oriented in space 
by teaching your body a motion to repeat or a position to “refind." 
II.mh: orientation can apply to its position on a lens, follow-focus disk, 
or focus whip handle. Actually, in teaching yourself a “blind pull,” 


you’re learning to repeat a motion, repeat a position, and refind a 1< 
tion. First, put a mark on the lens, follow-focus disk, or whip handle. 
Align it to the witness mark. Now feel how (where) vour hand is, and 
even look at it. You don’t really need to look. Your brain already 
knows. But, if it will make you feel better, go ahead. After all, it is one 
more piece of information. In the pull you’ll not be using visual cues, 
but hey! You’re an “assistant.” You’re visually oriented. Now, if you’ve 
been looking, look away. You’ve just calibrated your hand and brain to 
a “zero” point. Now, without having removed your hand from the lens, 
follow-focus disk, or whip handle, turn the lens or disk away from the 
mark. Now, still without looking, twist it back to the mark. Now you 
can peek. Did you hit it? You can often do it on the first try, or at least 
get it close. Even if you got it, you must repeat the trials to get consis¬ 
tent, so repeat it a lot. You must make this what is called in psychology 
a “dominant response.” If you only try it and get it once, it was most 
probably a chance response. Your behavior and responses change when 
the camera is switched on. In social psychology this is referred to as 


performance-oriented behavior. An “audience increases the dominant 
response. An “audience” increases the stress level. The camera in its 
“run" mode serves as an “audience” even to you, in that your stress level 
is increased. Increased stress levels enhance the dominant response (hit¬ 
ting the mark). For the first few practice trials, watch the lens. Your 
eyes will tell vour body when to stop. During this your brain will en¬ 
code, or learn, the proper amount of twist (motion) and orientation 
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(position/location) correctly, the first time. Watching the l ens at f 
avoids errors and faulty information being sent to the brain for l ear 
ing. This prevents encoding faulty data, which according to learni^ 
theory must be “unlearned.” This process requires conscious effort and 

of course, more time. 

To ease learning further, design the twist (positionally) to be “brain 
obvious” Orient your hand so that when the lens is on its mark, y 0Ur 
thumb or finger (or something) is in a distinctive position/orientati on< 
Let a digit point straight up or at 3 o’clock or 9 o’clock. These positions 
seem to be easily recognized by the body and easily refound, position- 
ally. But this is bodily recognition of location and position. What about 
degree of movement? 

Your body can learn and re-create not only position/locations, but 
also varying degrees of motion between position/locations. In fact, one 
way it finds a location is by knowing how long to “travel down a road* 
to get there. Focus pulling implies multiple focus points, which repre¬ 
sent multiple locations on the lens. These locations are separated by the 
various degrees of motion required to twist the lens from one point 
(position) to another. Recognizing a repeated position or orientation of 
a hand (body) serves as a cross-check for the brain in confirming its 
proper position to itself. 

Time x Motion = Location/Position 

Let’s take three points on a lens. Put one of the three points on the 
lens opposite the witness mark (index etching). Put your hand on the 
lens or follow-focus disk. Your brain is now taking notes. To make it 
easier (brain obvious), I might orient my hand to, say, 10 o'clock for on< 
end (outside) mark, about 12 o’clock for the middle mark, and about - 
o’clock for the other (outside) mark. The remaining marks will actu 
ally dictate positions for the hand after you pick a position for the fi 
mark. Now twist to each mark. Return to the first mark. Leave you 1 
hand on the lens or the follow-focus disk! If you reposition, you r, ’ ( 
brate. New position, new calibration. Twist with eyes closed. How < 
you do? For each point (location), your brain has assigned a 
(body orientation). Also, your brain has measured and coded the 
tance between each point/location. Mentally, you’ve given youi h ia ' n 
enough information to draw a little cybernetic map of the focus p°* 
on the lens. 


Point/Location = Position/Orientation = Time/Distance x 


As you’re twisting (traveling), your brain is saying, “Well, 1 vl ^ 
traveling (twisting) about the right amount of time (distance) «*n 


I 










(body) just about in the right position/orientation, 
about there (location). 


So I should be just 


As well as for combined zoom/focus moves, this technique serves 
well m situations that offer little, if any, chance or time to look at the 
lens. The operator may constantly block your view. You may be shoot- 
inu, .1 comp ex ocking and by the time you look from actor to lens, 
and change the focus, you look back and the actor has moved to an¬ 
other point and you re out of focus. Extremely fast moving objects may 
move past focus landmarks way too fast for you to visually confirm 
the lens focus correspondence to object focus. This technique demon¬ 
strates that pulling can be a timing event, as well. As this technique re¬ 
lies partially on distance between points, it is true that, in the physics of 
our world, a certain amount of time is required to travel between 
points separated by a certain amount of distance. 


Distance = Rate x Time, or 
D = R x T, or 
T = D/R 


Remember the value of timing in all pulls, whether blind or con¬ 
ventional. This goes back to seeing the pull from a molar perspective: as 
a whole. 


OBSCURE FOCUSING GAGS 
Little Triangles All over the Floor 

The 45-degree rule works well in a rough, seat-of-the-pants-style focus 
pull. A good application is a shot with camera i lollying right down on 
the deck (floor). You walk next to it focusing an extreme POV of feet, 
for example. It’s simple in concept, quick to set up, and serves as a good 
rough focus check in very “down and dirty,” seat-of-the-pants-style 
shots. It’s related to blind pulling, and blind pulling can and sometimes 
must be used here. But the 45-dcgree rule pull finds its origins in trigo¬ 
nometry. I give it this name because it uses a 45-degree sighting angle to 
establish a baseline object distance to compare the subsequent focus to. 

Here is the concept. In deriving trigonometric functions from the 
“unity circle” (a device for proving trigonometry functions), the fol¬ 
lowing relationships can be seen. first, a definition. I he tangent of an 
angle is the ratio of the side opposite an angle to the side ad jacent to the 
same angle. See Figure 2-17a and b. 


Tangent = Opposite side Adjacent side 
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< opposite side . , 

(a) When Z > 45» = > adjaMnl Slde = 'an Z < 45 < 1, opposite 
less than adjacent (eye height) tan < 45° (focus short of mark). 



> opposite side . 

(b) When Z >45 <> - —r-—rr- = tan > 1, opposite 

v ' < adjacent side 

than adjacent (eye height) tan Z > 45° (focus past mark). 



is 


greater 


(c) When vertex Z = 45° 
at mark). 


adjacent side t , ..... 

opposite side “ 1 " 1 ' object d,stance = ^ height (f 0cus 


figurt* 3-17. 


You’ll sight the object as you stand at (above) the camera. 

Now, from the math we see...See Figure 2- 17c. 

What does this diagram mean? Let’s take the last case first (c). 
Standing at the camera, sight the floor by looking down at an angle of 
45 degrees. The sight line from your eye to the object, a line from this 
projecting back to the camera, and a line from the camera back up to 
your eye form a rough isosceles triangle. 

The two legs of the isosceles triangle are equal. This means that ob¬ 
ject distance equals your eye height. 

Tangent of Angle x = opp/adj = X/X = 1 

So, 

Tangent of Angle 45° = 1 

f oi any fraction or ratio to equal 1, both numerator and denonu^ 
tor must be equal. Numerator (opposite side) = object distance. Denorni* 
nator (adjacent side) = eye height. 

The 45° Rule for Focus: Establish a rough following distance. This 
will be the object distance. Sight it at 45 degrees and measure your ^ 
height. This will equal object distance. Mark this with an arrow on ©* 
ens* As your sight angle increases or decreases, object distance is ^ 
creasing or decreasing. You can know from this that you should j* 
p.ist, oi focused farther than your tape arrow; or that you should 
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“inside,” or focused closer than vn ,„ ...... 

1 man your tape arrow as obiect distance var¬ 
ies. See Figure 2-17 a and b. 

In summary, here is the setup and technique. The beauty is that 

you can put just one mark on the lens and start shooting. Your sighting 

angle u ill determine if you should be on your mark, past it, or inside 
it. 

The Technique: Establish an average (rough approximation of) fol¬ 
lowing distance (object distance). With the camera on the floor dolly (at 
object distance), and your hand on focus knob, find an eye height at 
which you can sight-focus the object at 45 degrees. Your object distance 
and eye height are equal. Let’s take, for example, an object distance of 3 
feet. 


Tangent angle 45° = opp/adj = (=/=) = 1/1 = 1 

Opposite (object distance) = adjacent (eye height) 

Mark the lens with this distance (one arrow). During the pull, 
when you sight down an angle less than 45 degrees, you know that the 
object distance is less than eye height (3 feet), so object distance is leas 
than 3 feet. Pull “inside" your arrow mark at 3 feet. See Figure 2-17a. 

On the other hand, when you sight up at an angle more than 45 de¬ 
grees, you know that the object distance is more than eye height (3 
feet), so object distance is more than 3 feet. Pull “outside" your arrow 
mark at three feet. See Figure 2-17b. 


Geared Heads as Focus Aids 

Focus cues from a geared head? A geared head is an operator’s tool. Op¬ 
erators don’t focus, they operate, but a geared head can help you by 
providing focus cues. Tabletop close-ups with no video assist are rare 
these days. Still, times arise when you need to know what element is 
“filling the frame” in close-up, so you can pull focus to it. What to do? 
Use your head. The knobs on the pan and tilt wheels of a geared head 
will indicate, by their position, where the camera is pointed. This tells 
you what object to focus on—easy. 


t! k‘nt as a Focus Aid 

Let people you photograph help your focus pull. Study an actor’s stride. 
Is he doing a lot of walking toward or away from you? Can you get a 
chance to measure his stride? Now, “in shot,” count his steps as you pull. 
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Six 3-foot steps toward you should have you focusing approximately , 

feet closer on the lens. ' 

Using talent for cues also helps with “timing” kinds of moves 

example of such a move would be a quick rack focus in something la” 
a confrontation for a gunfiglht. You may be required to rack foe * 
quickly from one actor, as he turns, to another. If their action is j 
can be quite difficult to get it. You’ll often be late. What is the solution * 
Often people perform some cue-like In-havior just before they perform 
a particular bit of business. And more often than not they will repeat 
the behavior every time, before the “gag.” Use this as your cue if you 
can notice it. It may be as subtle as a muscle tensioning (a hand squeeze 
on a bar rail). It may not be noticeable at all. If this is the case, a lot of 
actors are quite willing to work out a little “pre-cue” gag with you.Just 
ask. “Okay kid, Pm going to rock back on my heels just before I turn." 

Crossover (Reversed) Focusing 

The left camera is focused with the right hand, and the right camera is 
focused with the left hand. Why? This sounds like a circus trick—a cir¬ 
cus trick that would never be necessary, with huge potential for confu¬ 
sion and mistakes, and would serve only the purpose of getting you 
fired. Actually the need does arise. It’s not a trick at all, and it’s not dif¬ 
ficult. Imagine this. A conversation between a driver and a passenger in 
a car. To save time we’ll get matching, over-shoulder close-ups with 
two cameras, rolling simultaneously. The limited space in the back of 
the car allows for one operator and one assistant. The other camera is 
locked off, but its close-up requires follow focus. You hand-focus oru* 
camera, and to focus the other, you must use a remote focus. I hr 
cramped space only allows you to squeeze in with arms crossed. Youi 
hands are crossed over to the focus controls. You must be inside the esi 
because you have only one remote focus. This has happened to me, and 
I know I’m not the only one. 

This is completely doable. So don’t worry or be flustered by th* 
task. This will only impair your concentration. It turns out your brain 
is capable of “switching” over in a very short time. It’s like speaking * 
language. Your brain doesn’t consciously translate from object to Eng¬ 
lish word meaning to new language word meaning. It thinks object to 
new language word. By the same token it doesn’t translate from rig^ 1 
side camera: not right hand, but left hand, and vice versa. Instead ' 
thinks object focus directly without conscious regard to which carn e( ^ 

is being controlled by which hand. The brain eliminates intermedia 
steps. 

So just start focusing. It works and feels just like focusing in a l '“ n 
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Avoid deadly hesitation Rather tha , y ° U ™ do “ easiI ^' 

lem and/or show lack o self confiri , ® f * might ** a P rob ' 

it No fretting. No whining Y^ w^r T “1 2 ^ S ° d ° 

you re rattled If you’re convinced you're going to mess up S ,h« greater 
he hkel hood you wtll mess up. So know this is no big deal. It looks 

l.ke a btg deal, and you'll look like a hen, and impress everyone with 
your cool, calm, and collected manner. 


the right amount—the right speed- 
the right time 

While we’re were on the subject of no jumping overboard, this is a 
good time to discuss this as an element of focus itself. Don’t overdo it. 
Don’t overfocus. Don’t focus too much. Don’t focus too fast or too soon. 
Focusing a lens actually changes the focal length of a lens. This is what 
we experience as a zoomlike breathing in a prime or zoom lens. Follow 
focus, but take advantage of depth-of-field zones to minimize pulling. 
Don’t twist too abruptly. It’s distracting to the operator, and it looks 
bad in the shot. Let the subject begin to approach the edge of the focus 
zone before moving the zone. Begin a slow pull. Imagine moving a little 
cloud to keep it surrounding your subject. Finally, don’t focus too soon. 
Objects approach the lens from infinity. As they start toward you, let 
the lens at first just rest there, on infinity, for a moment. After all, this 
focus setting establishes your second-largest depth-of-field zone. Assis¬ 
tants tend to routinely focus in front of fast-moving objects. Keep this 
in mind. Shortening lens focus early shrinks depth ot field early. So 
leave it as big as possible for as long as possible. Let it become a little 
Zen. Some assistants talk about almost letting the object push focus. 
You can think of it as the object gently pressing on an invisible mem¬ 
brane that is the focus zone. It may sound silly. It docs sound silly. Still, 
most assistants, operators, and DPs that are “around it will serious!) 
maintain that there is a certain “feel’ to focus pulling. Go with the 

force, Luke.” 


After Pulling Focus 

“Cut! Did we get it?” the AD asks. The director liked it. Talent feels good. 
The operator isn’t frowning. He turns to you. “How do you feel, good?” 
This is not the time to start crying. “Sure. Fine,” you answer quickly. 







Everybody’s happy. We’ll shoot a few more, see if things get 
and get a safety for the lab. 


an * be ttcr 


SHOT CONFIRMATION: WAYS TO CHECK 
AND GUARANTEE SUCCESS 


There are ways to assure “keepers.” This lies in ways to check for 
cess. In a very tight shot, where focus is critical, right at “Cut,” sorneon 
(you) says, “Freeze for focus!” The object or talent is held in the last 

a ^ JJQ' 

sition. You may quickly extend a stif f tape measure if the object is close 
enough. Is it in depth-of-field range? Is it on its mark? Are you on your 
mark? A visual check may be done. The aperture is opened, and the op¬ 
erator may either judge focus or refocus the lens. He’ll then ask if his 
focus is the same as your focus. 

“Is that it?” It either is or is close enough (be careful here), or it isn’t. 
If it’s close, you must know if the object distance you focused the lens to 
yields a depth of field that encompasses the object’s actual object dis¬ 
tance. Either it does or it doesn’t. So this eliminates the mistakes made 
by gray areas. It’s either in zone focus or out. If it’s right on the edge, 
ask for another. Don’t be afraid to be afraid. Call it conservative. Bra¬ 
vado doesn’t count for much in ruined dailies. You have the choice of a 
few extra minutes for a few extra takes or a reshoot at premium prices. 
If it’s the latter, believe me you won’t be invited. 


VALUE OF INDIVIDUALS’JUDGMENTS 

Finally, if your second assistant was watching talent and signaling 
“position to plane of focus” to you, you can ask him or her. Did thi) 
see talent “all over the place” or were they pretty right on? Comp a,f 
this to your impression, then check the “butterfly coefficient” in } 0111 
stomach. 

Remember, you are an important judge. The operator can’t alwa) 
see, for reasons mentioned earlier. Shutter fatigue, or just the absor >' - 
task of operating and composing, disallows him time or presence 
mind to truly see focus (operators don’t like this), , a 

This works both ways. Sometimes an operator will say P art 
shot was soft when it wasn’t. This is especially true of very chaotic* _ 
moving shots. An example would be cars speeding by you (esp eC,a 
he has to swish pan them). At short object distances, focus is n * oS 
cal and error potential is greatest. Also, the shot is “working” its ^ 
and the operator is most distracted. Don’t be afraid to maintain * 1 
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or much more than reoortpH • , . . 
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squeeze in that last extra “pet* run T* m0Ve °" *° 

min£ j run “and-gun daylight shot he had in 

We’ve looked at a body of organized knowledge that covers proc¬ 
esses taking place before, during, and after the shot. You now have a 
collection of rigorous techniques. They cover estimating short, me¬ 
dium, an ong istances, based on conventions found in nature, the sci¬ 
ence of learning psychology, and the mathematics of trigonometry. 
We’ve outlined mark-making systems designed to minimize confusion 
and speed setup. We’ve outlined focus setting techniques. We’ve exam¬ 
ined factors that interact with perception of focus. 

We ve discussed focus pulling in conventional situations and spe¬ 
cialized techniques. We’ve discussed seeing with our bodies and not our 
eyes: very Zen. This augments performing zoom and focus moves. Last, 
we’ve talked about confirming successful performance. Next we’ll take 
this show on the road. We’ll discuss adaptation of all or part of the 
above knowledge and procedure to different shooting situations. 






3 

On the Road 


different applications of technique 
for different shooting situations 

Shooting motion pictures varies in form, procedure, and technique as 
widely as does the subject matter, the shooting situation, and the loca¬ 
tion. Motion-picture production falls into two basic categories: dramatic 
and documentary. You could break this down ad infinitum: features, 
docu-features, commercials, info-mercials, educational films, informa¬ 
tional films, corporate, music, and sports. 

Motion-picture production takes place in basically two places: the 
studio and the field, or location. To both milieus we will apply the con¬ 
cept of guerrilla filmmaking. This concept applies more widely to field 
operations. Still, guerrilla techniques offer valuable benefits in a studio 
setting, as well. An example will be speed work with a second assistant. 
In the field we’ll examine speed without a second assistant. Stripped for 
battle we’ll look at equipment consolidation and special ditty bag setup 
for moving fast in a firestorm. We’ll address minimal camera configu¬ 
ration and “hot camera setups” for speed, a term borrowed from car 
racing. Sports, especially car racing, are venues that are particularly 
well suited to guerrilla techniques. We’ll look at shooting in stadiums 
using man-made features for focus. Finally, well go thiough a series of 
examples of long-lens focus pulls. Let the battle begin... 

F ° CUS SEQUENCE 

The focus sequence is a flo^vchart made up of tlu t lements (if tot us 
setup, preparation, and execution. Various elements are deleted or in- 
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eluded as they apply to various shooting situations. Let’s look at t, 
cus sequence at two ends of the spectrum. Treat everything else ^ f °“ 
ations along a continuum. Dramatic production, in studio* ren ^ 
the full scenario. It is the most procedural in terms of the opera! 61115 
performed. At the documentary end, the most bare-bones exan T' 5 
probably sports. It’s a form of extreme documentary. It almost i n \, 6 f* 
ably takes place in the field. It is least procedural. At the same tW 
sheer technique becomes most critical. 

Let’s look at the example flowcharts of the focus sequence f, r 
shoots that differ in level of production from full-dress dramatic/st u 
dio production to bare-arms (mano-a-mano) sports in the field. See fig. 
ures 3-1, 3-2, and 3-3. 


KINDS OF SHOOTS: DRAMATIC, SPORTS, 

DOCUMENTARY 

The most complete example of the focus sequence applies to dramatic 
production. (Sorry, you wanted to do this.) In a classic dramatic pro¬ 
duction (including commercials), the 1st cameraman, or director of 
photography, is the head of the entire technical crew. Being near the 
top of a tree with many branches, he obviously has a lot of power. He 
is deferred to a lot and is given large consideration. I mention this only 
to contrast this position with that of the documentary cameraman. The 
feature I)P photographs highly staged elements that tell a story that 
never really happened at all. 

In the documentary, the cameraman who records the event ic- 1 
actually happens is often given absolutely no consideration at all. docu¬ 
mentary cameraman at some times, in some unions, has been consul 
ered a separate category. He is rarely the seasoned older gentleman- 
accomplished in his art. More often the documentary cameraman is a 
young kid scrambling for a break. He is not the high-paid eagle atop 
tree, rich in green leaves of money. The documentary cameraman is 110 
the head of the entire technical crew. Often there is no crew. * 
soundman, maybe not. Maybe an assistant, maybe not. (The assist* 111 - 
off shooting somebody else’s documentary somewhere.) 

Look at the focus sequence flowchart for the documentary S P <11 ^ 
scenario (Figure 3-2). This is for a three-man crew, not a hundred m ^ 
crew. This crew consists of a cameraman, an assistant, and a sounds ^ 
Here roughly 20 percent of the operations are not boxed and label ^ ^ 
sometimes not an option. There is not enough time for the small t * *' , 

work, through all the operations. There are not enough bodio ^ 
the equipment. There is not much of anything because there is 0 
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locus -» Elements to study 
0ef£> re 0 Talent's movement 

Visualize shot 
Relax 


Before pulling 


Establishing 
Estimate -4 


Measuring -4 
Eye focus -4 

Making marks -4 


Trig-* Short 
Medium 
Long 

Natural conventions 

Man-made conventions 

Lens focus 

G. G.focus 

Film plane focus 

Multiple techniques 

Multiple mark designation 

For focus crossover -4 Two-directional object 

movement (approaching 
and receding) 

Identical and/or sym¬ 
metrical object focus and 
identical lens focus for dif¬ 
ferent camera 
Circular dolly 
Complex crane focus 


Pulling focus 


Conventional techniques -> Lens twist 

Studio follow focus 
Remote focus 

Focus aids —> Spotting scope 

Video assist 

Special techniques -4 Heuristic pulls 

Cybernetics 

Assisted techniques —> Use of 2nd assistant for focus cues - Visual 

Aural 

Nonconventional techniques for extreme situations -4 Hand-held 

Rough pulls 

Clock-face marks 


Tricks —> Multicamera focus 

Focus and zoom -> Simultaneous without tape stops 

With tape stops 
Cues from geared heads 


A,,er Pulling focus -4 Judge and retake 

Freeze and recheck ground glass focus 

Ask assistant 
Ask operator 
Reshoot 

P ^* lrC '**** Tull scenario, possible in studio/dramatic, large-scalt production. 






1 



Focus -* 


Before puffing 
Establish focus -* 


Estimate -4 


Measuring -4 
Eye focus -4 

Making marks -4 


Tr '9-> Short 

Medium 

Long 

Natural conventions 
Man-made conventions 
Lens focus 
G. G. focus 
Film plane focus 
Multiple techniques 

Multiple task designation for focus 
crossover 

Two-directional object movement 
Identical and/or symmetrical 
object focus and identical lens 
focus and identical camera 
locations 

For circular dolly track 
For complex crane moves 


Pulling focus - 4 Conventional techniques -> 

Focus aids -4 Spotting scope 

Video assistant 
Special techniques -4 Heuristic pulls 

Cybernetics 

Assisted techniques -4 Use of 2nd assistant for focus cues -4 Visual 

Aural 

Nonconventional techniques -4 Techniques for extreme situations -4 

Hand-held 
Rough pulls 
Clock-face marks 
Clock-face hand positioning 

Techniques for specialized situations-• 

Remote head shot (see 
conventional) 

Tricks -> Multicamera focus 

Focus and zoom -4 Simultaneous without tape stops 

With tape stops 
Cues from geared heads 


Lens twist 
Studio follow focus 
Remote focus 


After pulling focus —* 


Judge 


Note: italics ~ sometimes nof an option 


Refake 
No retake 
Freeze objects 
Ask assistant 
Ask operator 
Reshoot 


Recheck G.S ■'» l,5 
Asks 2 nd 
Asks assistant 


Documentary/sports scenario. 
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, 1S = Before pulling 

Focus No before possible 

Delete all pre/setup operations 


^conventional techniques 


Extreme -> 

Pulling {on fly) 
Estimate -» 


Hand-held 

Rough pulls 

"^9 Short 

Medium 

Long 

Natural conversions 
Man-made conversions 


Special techniques -» Heuristic pulls 

Cybernetics 


Pull only -> Assistant 

Operator 


After pull No retake 

Move on 

Note: italics = sometimes not an option 
Figure 3-3. Extreme sports/rloeumentary. 


not much money either. The operations that do remain are more tech¬ 
nique oriented and less procedural. This is because the events unfolding 
in a documentary present themselves in such a way that they are hap¬ 
pening to you. To accommodate this requires technique, because you 
are not creating the events. You cannot predict or structure them, so 
there is no framework on which to hang an elaborate (and tedious) 
procedure. 

Look at the final version of the focus sequence (Figure .1-1). This is a 
true firestorm paradigm. This mostly applies to production (better 
called shooting) of news and sports. Sports, especially, can be documen¬ 
tary in its extreme form. The focus sequence is maximally stripped 
down to its bare bones. Items under “Before Pulling Focus” and “After 
Pulling Focus” have been italicized as sometimes not an option. Only 
about 5 percent of all operations are possibly executed. Like the event 
to be documented, the shooting exists only in the pure instant of the 
moment. There is kind of a stark beauty to this idea, a simple grace. 
There is no procedure, which implies planning. Here only sheer tech¬ 
nique applies, which is used to grapple with assailing variables during 
execution. Look at even the shape of the structure that is artificially 
imposed on the focus sequence at each level of production. Dramatic 
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shooting occurs at the highest level of production. It i s 
and very tertiary. Extreme documentary shooting i s the . U ^tyere*} 
completely linear, with no parallel operations occurring, i s 

f rom the highest level of production to the lowest, things bc‘ >U ni ° Ve 
horizontal and more vertical. Things are laid out less end^ *** 
Things just occur at once. The orientation is less procedural and° ^ 
technical. Notice in the most extreme form even the assistant f ni0re 
boxed as sometimes not an option. In the words of a producer * 
minded me a lot of Gumby, “Everyone is erasable!” 0 re ‘ 

But there is a lot to be looked at, seen, and discovered (Zen) j n 
minimalistic (Zen) paradigm. How do we become indispensable' 1 ^ 
ing blindingly fast and becoming a “rat bastard” focus-puller. Do^l 
point lights of desire burning in those beady eyes? Step right tS 


way 


• V I 


Always in some kind of shooting an assistant will be considered 
only as an option. However, even here some kinds of assistants will be 
considered more favorably as a benefit, not just an option. If you want 
to work more, you want to be this kind of assistant. An assistant who 
stands firmly on procedure, even thoroughness to the extreme, will 
find he is presenting himself at odds with production, the director and 
even the DP. This is true even in the most formal studio situations. Lil- 

i lately everything, even everyone, is secondary to GETTING THE 
SHOT. 


Just about everything will be sacrificed for this. No one cares how 
neat the camera reports are if the money shot isn’t in the can anti the 
suns going down. An extreme example of this sacrifice is pushing 
equipment to its limits and past. Insurance companies and rental houses 
wont like this ne.\ i bit of text, but economics can create certain dynam* 
its that on general perusal aren’t a pretty sight for the squeamish. Ail 
An iflex 35 III has a recommended top speed of 120 f/s (frames per set' 
ond). Most camera bodies are capable of an absolute top speed of about 
135 f/s. I say about because, at a camera’s absolute top speed limits* h 
may not be able to hold constant speed even though that speed has 
bun selected with a crystal-controlled high-speed unit. The greatest 
danger here is not one of speed fluctuation and losing sync or going out 
phase wiili HMI pulse frequencies, causing light sources to app 3 *" 
ently flicker. Crystal-locked speeds are often not a priority when fh 
director is asking about the camera’s maximum top speed. Maxbnun 
top spend is not really redundant here, because there can be t" 0 ^ 
them. One is available when pressing digitally selected speed c<> |lU 
buttons on a CE (Cinema Electronics) base, The other maximum 
speed is often quite different and quite faster. It is available when sa 
pling speeds by turning the variable speed control knob on the CE b aS 
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In each case the mode selector switch is set to the appropriate position. 
The greatest danger is mechanical damage to the camera body itself, 
specifically to the armature or other parts of the movement. This, by 
the way, can be a $5,000 repair. Not only is the repair expensive, but if 
you break the movement, the camera is down for the day. And if the 
camera is down for the day, the whole shoot may end up down for the 
day* or at least for a couple of hours. Remember we’re talking about a 
commercial crew on the clock at about $3,000 to $4,000 per hour. So 
there are some good reasons not to exceed the top speed recommended 
for a particular camera body. But... 

Remember, we’re talking about getting the Shot This is where 
complicating factors can simplify everything—very Zen. Quite simply, 
the director may not care about any of this. He wants his shot aiul li¬ 
the creative guy. Ultimately it’s his call, and he may know exactly what 
he’s doing creatively and to the camera. It may be worth it. The pro¬ 
duction company has insurance on the gear with a $1,000 deductible 
Now it’s not a $5,000 repair anymore. It’s a $1,000 repair, and to him, and 
more important, to the client, his shot may be worth a lot more than 
either of these figures. If it’s The Money Shot, it could be worth tens of 
thousands of dollars, even the whole shoot day, even the whole shoot. It 
may be the end of the day anyway, so who cares if the camera bred ’ 
Get a new one for tomorrow morning. Just handle it, kid. I’he point is 
if the director wants to know ‘How fast can we go with this earner a?” 
give him the answer and all the pertinent information he needs to 
make the call This means ask all the questions you need to about the 
camera’s top speed when you’re at the rental house on the prep day, es¬ 
pecially if they use the word “recommended' or you think that they re 
hedging in some way. Though just about everything is expendable, you 
at least are a vital and valuable source ot information. 

Yes, the traditional assistant’s values are important: care for the 
safety of equipment, care in procedure, and thoroughness are all im¬ 
portant Taking time to ensure these qualities is important, but taking 
time and ensuring these qualities past a certain point becomes counter¬ 
productive. 

There is a kind of assistant that is well suited to the fast, efficient, 
precise discipline of shooting that I’m trying to get at here. The kind of 
aswsistant that can change camera configurations, perform film loading 
and magazine changes, and be ready for each new setup with accuracy, 
speed, and precision is the kind of assistant that delivers in a way that 
is in harmony with the bottom line. The bottom line is “get it as fast 
and cheaply as possible and have the photographic! pi oduct b( i *i ill- 
absolute highest quality. Production wants it all. ry to give it to them. 
They want the best they can get, just like the director and the UP. How- 
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ever, fastest, cheapest, best is what everyone (who’s important) wants t 
approach. The kind of assistant who aligns his own priorities and 
formance to approach fastest, cheapest, best is the assistant whQ ■ 
worth the most money. What kind oi assistant is this? This is the g Ut , r J 
rilla assistant and this is guerrilla filmmaking. 


GUERRILLA FILMMAKING 

Guerrilla filmmaking applies to formal studio production and 
stripped-down field shooting. Like the name, its applications are some¬ 
what greater in field/documentary kinds of shoots. We will look at 
both ends of the spectrum. First, let’s borrow from the dictionary defi¬ 
nition of the word guerrilla, then elaborate on the guerrilla concept as 
it applies to filmmaking. Guerrilla: 2a: one who carries on or assists in 

an irregular war.. .* 

I like this. Even the word assists is in the definition. The word ir¬ 
regular here is important. I want the guerrilla assistant to do every¬ 
thing better by being a little different. To acquire (higher excellence) 
we must shed or sacrifice. To gain a lot, we must lose or si rip off a little. 

This is Zen. 

The guerrilla concept embraces sacrificing a little orthodoxy. Ur 11 
sacrifice some procedure. We’ll risk and sacrifice some degree of safety. 
Equipment handling may be rougher, but not beyond reasonable lim¬ 
its. Lens caps may not be put on as soon. Air to remove debris will bt 
blown into the system less often. Sometimes in the extreme, film g a h' s 
may be checked less or not at all. Color-correcting filters can be jnilln 
for “more stop.” Sometimes, for a documentary operator, perfect train 
ing may be sacrificed. This happens most often in sports and news 
shooting. Usually, however, it’s the hardware that suffers first, the soft 
ware (the shot) least, if at all. If this concept is applied properly, tl« 
gear remains safe, operating and assisting is fast and accurate, and t u 

rendered shot is of the highest caliber. _ 

All guerrilla assistants are good assistants, but not all good as.si st tn 
are guerrilla assistants. The distinguishing qualities of a guerrilla as ®^ 
tant differ only slightly from those that determine the convention^ 
“good” assistant. The qualities of accuracy and precision are sharei ^ 
“good” assistants. To be a good assistant, you must be accurate, 
you have to be slow? Increased accuracy with great speed distingo^ 
the Zen level of assisting. The Zen assistant is faster and more sc ^ 
The adaptive value of guerrilla technique is shown in the follow ms 
of text on heuristic problem solving. 
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«The human problem solver may find it desirable at times to accept 
some reduction in the probability of achieving a correct solution in or- 
der to maximize processing (focusing) speed. Speed is likely to be a ma¬ 
jor consideration when adaptive behavior is concerned. ' 

Using processes that guaranteed a correct identification of a poten¬ 
tial threat, but were too slow for an appropriate response, could be dis¬ 
astrous for the problem solver. A pattern recognition scheme that 
guaranteed that only lions were recognized as lions might seem more 
desirable in the abstract than one that mistook other stimuli for lions, 
but if the former scheme was too slow to allow a person to flee an at¬ 
tacking lion, the former scheme (and the person using it) would not be 
expected to survive. 

Speed may be desirable in less dramatic instances. The problem 
solver may find an approximate conceptualization of his spatial envi¬ 
ronment, for example, quite satisfactory most of the time, even when 
there is enough information available to the visual system for a more 
accurate determination of the angles at which various surfaces intersect 
his line of sight.”* The heuristic focus pull mentioned in Chapter 2 
(“Pulling Focus: Special Techniques”) is an example of this. A doc¬ 
umentary setting with no time to prefocus is another example of this. 
You focus “on the fly.” There are many applications of this general con¬ 
cept in the studio and especially in the field that may be discovered by 
you. 

Studio Setting: Speed Work with a 2nd Assistant 

Here are a few examples 01 the concept applied to specific procedures 
that occur commonly in the studio. They’re a slightly radicalized ver¬ 
sion of older “accepted” ways. They take advantage of the 2nd assistant 
cameraman. The variations in technique allow these “hot-tuned meth¬ 
ods to develop a high degree of speed and precision and preserve a high 
level of safety for the equipment. The procedures outlined are (1) major 
lens changes: zooms to primes and primes to zooms; (2) major configu¬ 
ration changes: studio to hand-held and hand-held to studio; and (3) the 
“best” (fastest) reload. The procedures are described in text and ex¬ 
ploded” out into flowcharts. 


Changes 

Zoom to Prime Lens Change 

This is more than a single element-for-element trade. The type of lens is 
different. This means at least one extra case. The type and amount of 



support gear are different. This also means more cases The 
size of filters may change. This too may mean more casesTh 136 ^ 0r 
is changed. This involves a lot of procedure that can duickl ** baIani * 
a fumbling circus. Develop a simple trade-off system with ^ tU J n 
sistant. The operation will move ahead smoothly and safel as ' 

ticking off steadily quickly and quietly. Here it is broken dow^ ** 

Anticipate: Anticipate each other, the 1st and 2nd. This is in 
ble if you’re both thoroughly straight on the sequence of the dn]f°T 
other thing to anticipate is the request for the lens change Know A* 
when it will come. This comes from paying attention and planning 7 
member, it can help to think like you’re the 1st cameraman. This will 
cause you to think along similar lines, in terms of what possible solu¬ 
tions are available to make certain shots. Sometimes things cannot be an¬ 
ticipated, but if you’re always paying attention, you’ll recognize from 
the director or the DP’s talk that a change is becoming likely. Have the 
2nd assistant bring two cases: zoom and primes. You’re ready. If the 

change comes completely out of the blue, send him for the cases, but 
don’t wait for his return. 

Begin Disassembling: Unplug the zoom motor cable. Pull the matte 
1 "'' 11 ; die rods), (live it away to the 2nd assistant. If he’s not back yet. 
put it down close to you, where it’s safe. Swing away the focus gear and 
unscrew the suppoi i bridge. Unlock and remove the zoom lens. Give it 
away. Capping the camera is optional. The 2nd should be back by now. 
It he’s not i fire him), make the lens “safe” and continue disassembling- 
Some assistants have put down a zoom lens on its large end (front ek* 
ment), but not one would admit to it. You can cradle it in your arm and 
continue to remove the follow focus and support bridge and rods, but 
this is getting a little (a lot) risky. Slide the camera to its new balance 
point. Do this now because the camera body is now at its lightest. Be 
fore being reconfigured to match its weight to its new balance point* it 
will fight the tripod head the least in its light state. 

If the 2nd is there in time to take the lens that you give awav t( 
him, he “safes” it by just laying it in its case (no caps yet). The same oC 
curs as you give away the follow focus, support bridge, and rods all a 
once to the 2nd. He merely “safes” them for stowing later. Operate ir 
Stow later. 

Begin Assembling: As you give away the peripheral and supP £ 
gear, the 2nd trades you for the short support (iris) rods. ( .j 

The 2nd is “safing” or stowing gear. The 1st inserts the nL *' v ■ s 
iris rods. The 1st then mounts the follow focus. The 2nd gets out tn* ^ ^ 
lected prime lens. It is “preset.” The aperture should be wide op 1 " 
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the rough lens focus set The 2nd hands you the lens. Confirm the pre¬ 
set as you mount it. If lens choice is still an issue, skip the rods and fol¬ 
low focus. Mount the prime with no extra hardware. Preset the lens as 
you mount it. The 2nd does not preset here. This takes extra time and 
makes the execs wait unnecessarily while they are eager to see the lens 
and make a decision. In neither case does the 2nd check and/or clean 
the lens at this point. Engage the follow-focus gear as the 2nd assistant 
gives you the appropriate matte box or sunshade and retaining rings. 
Reconfirm use of same filters or any reguests for a change. If a change 
is required, do this during “safe to stow" time. Fine focus as soon as you 
have the opportunity. 

“Safe to stow” means that gear that was just laid (in cases) down on 
foam and/or in “satr places, in the interest of speed, is now properly 
stowed. During this cleanup time everything is put away. Cases are 
dosed and removed from the camera. If you anticipate many lens 
changes, the prime case should now be kept close to the camera and not 
back with the rest of the gear. 

Somewhere in this transitional jieriod the lens may be checked and 
cleaned. After everyone’s happy. During the initial change, no check or 
cleaning should be done. That lens may not be chosen. It takes unneces¬ 
sary time, of important people, that can be taken later. I’ve seen too 
many 1st ACs stand there helplessly as operators, DPs, directors and 
producers sigh, scowl, and lose their patience watching a 2nd bent over, 
down on the floor, squinting at a lens like some self-righteous, per¬ 
snickety old lady. It really looks like an exercise in brain death. If }ou 
see your 2nd doing this, go over and take the lens away from him, 
mount it, and speak to him later. The point is “we might use this lens. 
Let us see it ASAP.” So let them see it ASAP. The lens and/or camer a can 
be in a totally different state than that required to photograph with it. 
Try to meet the big dogs’ wishes as instantly as possible. Let them see it. 
It’s always ready for this. If (hey like it, then get it ready to photo¬ 
graph. Sec Figure 3-4. 

in a “look-see, just-shopping” situation, go to a “short show mode. 
After the zoom lens is removed, mount the prime, rebalance the ram- 

era, and give it back to the execs. See Figure 3-.». 

The “short show mode” appears to be as long as the conventional se¬ 
quence. The chief difference is in the operation sequence. U hen the 
lens choice is made, return to and continue conventional zoom to prune 

lens change sequence. 

Prime to Zoom Lens Change 

Again this is more than a single element-for-element trade. The type of 
lens is different (extra case). The amount of support gear is increased. 
The type and or size of filters may change. Anticipate. 
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Example Arriflex System 

1st sends for two cases (zoom and primes) 

1st unplugs zoom motor cables 


1st removes matte box—gives it to 2nd 


2nd brings and opens cases 


OR 

1 st “safes" matte box 

1st unscrews support bridge 

1st swings away focus gear 

1st removes zoom lens—gives it to 2nd 


2nd "safes" lens 

1st slides camera body to new balance point 
1st removes long rods with support bridge 
and follow focus attached 
1 st gives it to 2nd 

2nd proffers short iris rods 
2nd removes support bridge and follow focus 
from long rods and “safes" them 

1st inserts short iris rods 


1st mounts prime (preset option) 

1 st mounts follow focus 
1 st engages focus gear 


1st mounts matte box 
OR 

1st mounts sunshade and retaining rings 
1st tine focuses 


2nd proffers selected prime (preset option) 
2nd proffers follow focus 


2nd proffers matte box 
OR 

2nd proffers sunshade and retaining rings 


1st confirms filters 


Safe to Stow 

2nd stows “safed" components 


2nd removes cases 


I'igurt* :i-4. Zoom to prime lens change. 


Anticipate the change and send the 2nd for two cases (zoom * l111 
prime). If there’s a problem with bringing two 1 cases at once (time/ 
location of cases, or the 2nd has a coffee in one hand), the zoom 
should take priority. It holds the next shooting lens. The prime can ^ 
“safed” in this case until it can be properly capped and safely stowe * 
its own case. Priority always goes to the operation that achieves 
new camera change as soon as possible. The 2nd brings and opens 
cases. The 1st removes the sunshade, clamp-on, anti retaining r * n h 
we’re in a real hurry, the 1st removes the lens from the earner-* 
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Short Show Mode: Zoomio Prime Lens Change 

Example Arrillex System 9 
lor two cases (zoom and primes) 

unpfcW* *oom mdor cafatas 

1s| ferT1 oves matte box-gives it to 2nd 

-safes' matte box 
unscrews support bridge 


2nd brings and opens cases 


1st 


151 «to 2nd 


1st 


1st slides camera body to new 
balance point 


2nd “safes" lens 


1st mounts prime (preset) 

Camera is reedy for viewing by execs 
(lens approved or alternate viewed) 
1st removes long rods with support bridge 
and follow focus attached—gives to 2nd 
(before, during, or after lens approval) 


2nd proffers tentative prime choice 


1st inserts short iris rods 

1st mounts follow focus 
1st engages focus gear 


2nd proffers short iris rods 
2nd removes support bridge and follow focus 
from long rods and “safes" them 

2nd proffers follow focus 


1st mounts matte box 
OR 

1 st m °unts sunshade and retaining rings 
1st fine focuses 


1 st confirms filters 


2nd proffers matte box 

OR 

2nd proffers sunshade and retaining rings 


Safe to Stow 

2nd stows “safed" components 
2nd removes cases 


lrp t ^ s,i Short show mode: zoom to prime lens change. 


the shade, clamp-on, retaining rings, and filters all still mounted on the 
lens. The 1st hands this entire assembly to the 2nd. If a matte box is be¬ 
ing used, it is of course removed separately and “safed” by either the 1st 
or the 2nd. The 1st removes the prime and gives it tu the 2nd. Capping 
the camera is always an option. It « always a good thing, but it takes a 
Httle time. In (he ease of transitioning from prime to zoom, it is more 
highly recommended for safety. This is because the 1st will be inserting 
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long iris rods, which can be more unwieldy than short iris r H 
is a greater chance of pushing an iris rod through the spin° dS ' There 
ror/shutter. Next, the 1st pulls off the short rods with the foil ^ ^ 
attached (last). He gives them away. The 2nd disassembles. ° U f ° CUs 

The 1st slides the camera to its new balance point. The 2nd 
long rods and support bridge. The 1st inserts long rods and 
support bridge. The 2nd gives follow focus to the 1st. The and^h 11 ^ 
and cleans zoom lens. This is done here because the lens choice ^ 
ready locked (focal length may yet be determined). Unlike a prime 1 ! ^ 
the zoom is not easily or quickly removed for cleaning. The 1st mo ^ 
follow focus. The zoom is preset by the 1st only because handUa* 
changes lens focus on the focus collar. The 1st is the last to handle the 
lens, so he is the last to change the focus, so he is the last to set lens f 0 - 
cus. If the big dogs are eager, you may stop here and let them look. 
Check balance if you do. It will probably not be set for a stripped lens! 
The 1st engages the focus gear and resets rough focus, if necessary. If no 
focal length has been determined, he may set a rough focal length if ap¬ 
propriate. The 2nd prepares the zoom control. The 2nd fixes the zoom 
adapter ring into matte box, if appropriate. He gives matte box to 1st. 
The 2nd puts rubber light gasket (doughnut) around lens barrel, if ap¬ 
propriate. The 1st mounts the matte box. The 2nd plugs in the zoom 
control and begins "safe to stow.” The 1st fine focuses at first opportu¬ 
nity. The 1st confirms filters. The 1st or 2nd makes any filter changes. 
The 2nd removes cases from camera. See Figure 3-6. 

The above examples of lens change procedures are merely that—ex¬ 
amples. I hey are not recommended. They are suggested. They’re quick 
and efficient because they are a system. Any system is organized. Any- 
thing that is organized is quicker than that which is not. They are 
standai dized. i hey tick off the same way every time. This adds to their 
speed factor. Every step can be anticipated, because everybody knows 
what’s going to happen next every time. If you can make them faster, 
make up your own routine. Make it better. The point is to develop 
some kind of routine. Even if it’s just to tell the 2nd to do it. Doing this 
is completely valid. There may be times when there is absolutely ni * 
need at all to hurry to get the lens changed. Why waste your eneig) 
Go get a coffee. 


Major Configuration Changes 

Studio Mode to Hand-held Mode 

The most major camera configuration change involves taking a 111 ; 
built studio system to a hand-held mode. The easiest and quickest " 
to do this is to have two cameras. One is constantly set up f° r s * u< 
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Prime to Zoom Lens Change 
Example Arriflex System 

. o nd for two cases: zoom (priority) 

1st sends 

*££* ma«e box; "sa.es" i. 


1st 


removes prime lens and gives it to 2nd (port 
cap options 1 ) 

1st removes short iris rods with follow focus 

attached 

1st s |j d es camera to new balance point 
1st inserts rods and mounts support bridge 


2nd brings and opens cases 
2nd “safes" matte box 


2nd “sales" lens 


2nd disassembles same 

2nd proffers long rods and support bridge 

2nd proffers follow focus 
2nd checks and cleans zoom 


1st mounts follow focus 


1st mounts zoom lens (preset) 

1st engages focus gear (reset focus) (rough 
focal length) 


1 st mounts matte box 
1st fine focuses 


2nd proffers zoom lens 


2nd prepares zoom control 
2nd fixes lens adapter to matte box 
2nd proffers matte box 
2nd places "doughnut" on lens 

2nd plugs in zoom control 


1s t confirms filters 


Safe to Stow 

2nd stows “safed” components 


2nd removes cases 


Fi #Ure am 


Prime to zoom lens change. 


style shooting. The other is constantly rigged as a hand-held camera 
and standing*by. This scenario is also the most expensive. You will see 
it least often. 

It’s important to be familiar with changing a single-camera system 
from one mode to the other at a level that is almost automatic. It means 
d's faster and more foolproof. 

It helps avoid forgetting to add on certain hand-held accessories 
completely or remembering them late in the transition sequence. After 
the camera is off the tripod head, tasks and procedures are much 
harder to perform with a heavy object that is unbalanced. Tasks that 
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could be done with one or two hands might now requir e f 
means taking up another person’s time (away from some oth f ° Ur ‘ 
slows the whole process down. So familiarity speeds thin :T dut », t 
ture (Zen word). You can work with greater speed and accur^ na * 
is particularly true in major configuration changes, because T ' 
so many things to think about. ere ar? 


In 


a major configuration change, you’re basically unrigging 


a ne n . 

ls »iost 0^ 


tire camera system and building an entirely new one that 

entirely different. This is a textbook of sorts, so I’m going to desc 'tJ 
textbook scenario. ’ a 

The ideal situation starts with two camera platforms. On one 
the fully built studio camera system. The camera platform will , 
likely be a geared tripod head, or it could be a fluid head. Either will 
most probably have quick-release capability. The second platform (tri¬ 
pod head) will be the older style, having no quick-release capability, 
The camera “table” of the tripod head is fitted with a 3/8" 1G (threads) 
bolt that screws directly into the camera base. Sliding baseplates, risers, 
iris rod mounts, and female sliding dovetail plates will have been re¬ 
moved in preparing the hand-held camera. The second head can be 
equipped with a quick-release system, but this is inefficient. 

This requires two additional steps: (1) fixing the sliding baseplate 
(male dovetail) to the bottom of the hand-held camera before it can be 
placed on the second (hand-held) tripod, and (2) removing the plate be¬ 
fore the shoulder brace can be mounted on the hand-held camera. In¬ 
stalling or removing the plate requires a screwdriver (extra time). The 
removal will occur at a time near to when the operator may want the 
camera quickly. And again, taking the plate off is not an instant thing- 
Basically, a second quick-release system negates the advantage of using 
two heads. 

You’ll obviously make do with what you have available, but when 
ordering gear, ask for one old-style head fitted with a convention 3 
lockdown screw at the camera table. This will be very handy if y oU * 
going between studio mode and hand-held mode a lot. I you have n 
one head, halfway through the rebuild you’ll most likely have to P“ 
the camera off the head. Screwing little parts onto a heavy, unba 13 ^' 
object will find the camera lighting you all the way, as youo 
over, sitting on the floor or on a case. It’s no fun and it’s a lot ^ 

It you’re forced into this, try to make as many changes ^ 
mode) while the camera still rests on the tripod head. Pull the tn ^ a il 
rods, change the eyepiece, remove the 1000-foot magazine, an ^ 111 (}] - 
the hand-held 400-foot magazine. Doing a mag change on the 0 t 
in someone’s lap is awful! It’s worse in the dark. Pull the cam®' 
then remove sliding baseplates, risers, iris rod mounts, and ferna 














On the Road 



i„g dovetail plats/Then attach the shoulder brace with right- and left- 
side pistol grips. Phew! You’re readv Anri , S d 1 " 

The charted configuration , h™, , X ' SWCa,yi rreddie - 

mode changes excent iK l ® e 866 y 'S ure 3-7) allows for all 

mode changes except the last one (shoulder brace) to be done before the 

camera is removed from the second rfcanA u u , , , ine 

, - * i. _ . . sctond (hand-held) head. Working with 

an object solely fixed ,n space is many times easier than fighting an 

unstable dead wetgh. that becomes very -live- as you fight tith ft on 
the floor or even on a table. 


At the banning of the change from studio mode to hand-held 
mode, the fully built studio camera rests on one tripod head. I leave the 
right hand pistol grip on the studio camera. It's more handle It's 
one more way to power the camera, and it eliminates a step. 


Studio to hand-held conversion sequence: Send the second for the 
necessary cases. He’ll bring two at a time, prioritized by tear-down and 
building sequence. The order of cases will be zoom case, prime case, 
mag cases (1000-foot and 400-foot), filter case, and hand-held accessory 


case (HH-AKS). 

This accessory case usually includes hand grips (right and left), 
shoulder brace, short eyepiece or caps for long eyepiece, hand-held 
door, hand-held follow focus, small matte box (4x4), or clamp-on 
hand-held matte box, or clamp-on ring, sunshade, and retaining rings. 

As the 2nd gets the cases, the 1st unplugs the zoom cables and 
“safes” them in his bag. He then pulls the matte box and “safes” that. The 
2nd returns with the zoom and prime cases and opens the zoom case 
only. The 1st removes the extension eyepiece leveling rod and gives it 
to the 2nd, who also takes away the matte box. I’he 1st fixes (tie short 
eyepiece to the camera. The 2nd retrieves the mag cases (1000' and 400'). 
The 1st disengages the focus gear from the lens and unscrews the sup¬ 


port bridge. 

The 2nd retrieves filter case and HH-AKS case. The 1st removes the 
zoom lens and “safes” it in its case. He caps the camera and slides it to its 
new balance point. The 1st removes the long iris rods with follow focus 
and support bridge still attached. The 2nd “safes” them. The 1st runs in 
10 feet of film. The 2nd unplugs power cables. The 1st removes the 1000- 
foot magazine. The 2nd proffers the body cap. The 1st inserts the body 

cap. The 2nd stows the 1000 -toot mag. 

The camera is now in its smallest, simplest, and lightest state. The 

1st slides the camera off the sliding baseplate (male dovetail) and, rotat¬ 
ing the body around its lengthwise axis, presents the female sliding 
dovetail plate, fixed to the bottom of the camera, to the 2nd. The 2nd 
removes the female dovetail. The 2nd “safes” this and opens the prime 
case. He readies the selected prime (preset). The 1st mounts the camera 
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Studio to Hand-held Conversion 
Arriflex System 

Camera is on first of two platforms. The first can be a geared head or a fluid head, both with quick- re . 
lease capability. The second platform is most often a fluid head. It should have no quick release, but i n . 
stead be set up with a conventional base with lockdown screw configuration. Right-side pistol grip j s n ' 

already on the camera. 


1st unplugs zoom cable (“safes" it) 
1st removes matte box 

1 st removes long eyepiece 

1 st swings away focus gear 
1st unscrews support bridge 

1 st removes zoom lens 


2nd brings two cases (prime and zoom) 

2nd opens cases 

2nd retrieves two more cases {1000' and 400' mag 

2nd opens cases 
2nd “safes” it 

2nd retrieves two more cases (filters and 
HH-AKS) 


1st slides body to new balance point 
1 st removes long rods with support bridge and 
follow focus attached 
1st runs in 10' (film) 

1 st removes 1000' mag 

1st removes camera from head 

1st mounts camera on hand-held tripod {lock- 
down screw) 


2nd inserts body cap 
2nd removes female dovetail 


1st mounts prime 
1 st removes body cap 
1st mounts 400' mag 
1st runs in 10' (film) 


2nd proffers prime (preset) 
Camera is ready for *look see." If none, continue. 

2nd proffers 400' mag 
2nd plugs in power cables 


2nd readies appropriate matte box or shade and 
retaining rings 

1 st mounts same 

1st confirms or changes filters 

2nd prepares overhang support rod and follow 
focus 

Camera is now ready to shoot 

2nd proffers follow focus 

1st mounts overhang support rod and follow focus 

2nd unscrews camera from tripod and presents 

„ , camera base to 1st 

1st attaches shoulder brace 

Camera is now fully ready 


1 st/camera standby 


Safe to Stow 


2nd stows “safed" components . 

2nd removes cases (prime case kept nearby. 


riffiirc 3-7. Studio to hand-held conversion. 
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body directly onto the camera table of the second camera platform 

with its lockdown screw. The 1st mnnnte *u • , P 

is! mounts the prime lens and checks 

preset. 

Though completely “bare-bones,” the camera is now ready for 
-look see. If none >s deatred, continue. Begin assembling the hand-held 

camera. 

The 2nd prepares a 400-foot mag. The 1st removes the body cap. 
The 2nd proffers the mag. The 1st mounts it. The 2nd plugs in power 
cabte. The 1st runs in 10 feet of him. The 2nd readies the appropriate 
matte box or shade/filter system. The 1st mounts that setup. Filters are 
confirmed or changed. They are set up by the 1st or 2nd. 

Still less than fully built for hand-held, the camera is now mini¬ 
mally “ready to shoot ” Remember, I always leave a right-side pistol 
grip on it. So while it is not optimally set up, it is ready if the AD or 
director says, “We’ve got to go right now!” If this does not occur, con¬ 
tinue. The 2nd prepares the hand-held follow focus. He prepares the 
hand-held shoulder brace, positioning the left-side pistol grip to an ap¬ 


proximation. The 1st mounts the follow focus, unscrews the camera 
from the tripod head, and presents the base of the camera to the 2nd, 
who mounts the hand-held shoulder brace. The camera is now fully 
built and completely ready for hand held operation. If shooting is not 
immediate, the camera is most safely kept screwed onto and resting on 
the hand-held tripod head. If shooting may occur “at any time," the 
camera is best kept idling in its fully built hand-held state with brace 
attached. “Full ready” with assistant and camera “standing by,” the cam¬ 


era is available for immediate shooting. The 2nd finishes transferring 
gear from safe to stow. 

He removes cases. 


Hand-held Mode to Studio Mode 

Changing the camera configuration from hand-held mode to studio 
mode is to be done as quickly as possible (see Figure 3-8). However, it 
seems often there is less urgency at this juncture in the shooting sched¬ 
ule. In going to hand-held, the operator is usually eager to get the cam 
era on his shoulder, to get the “feel” of it. And everybody else seems in 
a hurry to start experimenting. But now we’ll change the camera from 
its hand-held mode, back to its studio mode. The camera will end up 
back on its first camera platform; the studio tripod head. 

Send the 2nd for two cases according to the tear-down/bmld se¬ 
quence (filters and HH-AKS). The 1st unscrews the shoulder brace from 
the bottom of the camera and “safes” it until the 2nd returns. The cam¬ 
era is screwed directly onto the hand-held tripod head and secured 
with tliv lockdown screw. The 1st removes shade or matte box. The 2nd 
“safes" or stows them. Fragile filters may be removed back to their fil- 
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Hand-held to Studio Conversion 
Arriflex System 


2nd retrieves two cases (HH-AKS and 


•liters) 


1st removes shoulder brace {‘‘safes" it) 

1st secures camera base onto lockdown screw of 
second (hand-held) camera platform 

1st removes matte box or shade and After rings 

1st detaches hand-held follow focus and rod 

» 

1st runs in 10' {film) 

1st removes 400' mag 

1st removes prime fens 
1 st inserts port cap 

1st removes camera from tripod 

1st slides camera onto male dovetail/sliding base¬ 
plate {premounted on studio tripod head) 

1st inserts rods 

1 st mounts same 

1st mounts zoom lens (preset) 

1st engages focus gear 


1st removes body cap 
1 st mounts mag 
1 st rebalances camera 
1st runs in 10' (film) 

1 st mounts matte box 
1st tine focuses 


2nd “safes" or stows brace 

2nd “safes" or stows them 
2nd retrieves two cases (400' and 1000' mag) 

2nd “safes" or stows same 

2nd unplugs power cables 
2nd prepares body cap 

2nd inserts body cap 

2nd retrieves two cases (prime and zoom) 

2nd proffers port cap 

2nd “safes” or stows prime 
2nd prepares female sliding dovetail plate 

2nd mounts female dovetail 

2nd proffers long iris rods 

2nd proffers support bridge and studio follow 
focus 

2nd prepares zoom lens (dirt check/clean) 

ready for a “look see“ 

2nd proffers 1000' mag 

2nd plugs in power cables 

2nd stows body cap 

2nd prepares and proffers matte box 

2nd plugs in zoom cables 


1st slides camera to balance point 

Camera is now 


Safe to Stow 

2nd stows “sated” gear 
2nd removes cases 


Figure Mand-held to studio conversion. 
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1st 
removes 


fcr case. There is no really safe way to “safe” them. The 1st may do this 
as «he 2 nd retrieves two more cases (4<xy and 1000- mag), or,really 
pressed he may eontmue tearing down and "sating” gear. The 1st de¬ 
taches the hand-he d follow focus and overhang support rod. The 
runs in 10 feet of film. The 2nd prepares the body cap. The 1st remo.„ 
the 400- mag. The 2nd inserts the body cap and unplugs the power ca- 
bles from the camera. I he 1st stows the 40(7 mag. The 2nd retrieves two 
more cases (pi ime and zoom). The 1st removes the prime lens. The 2nd 
gives port cap to 1st. The 2nd “safes” or stows the lens. The 2nd prepares 
the female sliding dovetail plate. The 1st removes the camera from the 
“hand-held” tripod and presents the camera base to the 2nd. He attaches 
the female sliding dovetail plate. I he 1st slides the camera onto the 
male sliding dovetail plate, which is mounted on the first camera plat¬ 
form. This is the studio tripod head. The 2nd proffers the long support 
rods. The 1st inserts them. I'he 2nd prepares the support bridge and 
studio follow focus, i he 1st mounts both pieces. The 2nd prepares the 
zoom lens (dirt check/clean). The 1st mounts the zoom lens and engages 
focus gear. He presets the lens (aperture open, rough focal length, rough 
focus). If there is no clue to the focal length, it is set at its shortest set¬ 
ting. The 2nd prepares the 1000' mag (winds out loop). The 1st slides 
camera to its new balance point. The camera, though not fully built, is 
ready for a “look see.” If none is desired, continue. The 1st removes the 
body cap. The 2nd proffers the 1000' mag. The 1st mounts it. The 2nd 
plugs the power cables into the camera. The 1st runs in 10 feet of film. 
The 2nd prepares the matte box. The 1st rebalances the camera. The 
2nd proffers the matte box. The 1st mounts it. The 2nd plugs in the 
zoom control. The 1st confirms filters. The 2nd begins sate to stow. The 
1st fine focuses at first opportunity. Any filter changes are made by 1st 
or 2nd. Cases are removed from the camera. Camera.balance is checke 
once more. The camera is now fully built, operational and stu io rea y, 

and standing by. 

The above descriptions are the major configuration changes a cam¬ 
era may go through in the course of any shooting day Smaller van- 
ations of these changes are more common. A ens c ange is one 
example; a mag change is another. A lens change is t0 accomp is 
With expedience; some lime will be deeded to lens cho.ceg.venccea- 

live and technical parameters. A m g »■“« (he ca|110 reload 


cussion. When no more film remains on 


is not a matter 


I JlIj ^ * * - * + * 1 

of choice. The critical issue in reloading is speed. 


Reload 

■" mos, Studio work, depending on the situation, a reload is to be per¬ 
formed relatively quickly. A formal reload may still take a few mm- 
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utes put, in the studio or in the field, under the gun, a guerrill 
can be executed in under 10 seconds! This is the most extreme 
camera tvpe for which this is possible is limited. * 3lu * *he 

The most thorough reload is not usually the fastest reload 
fastest reload is not usually the most thorough reload. Neither 
the best reload* I he best reload lies somewhere in between both S 
of the spectrum. Actually, the best reload is that most appropriat ^ 
the needs of the immediate shoot milieu. It encompasses elements 0 f(j!° 
most thorough and the fastest reload. We’ll explore a few reload ? 
quences from the most thorough reload, to the fastest reload, with ind 
without a 2nd assistant. Into each we will build a preferred task n er 
formance sequence. This will optimize precision and speed. 

A camera reload occurs when the 1st judges the remaining unex¬ 
posed footage to be inadequate for another take and possibly a safe 
length of tail. This ranges from 10 to 20 feet of film. Suppose everyone 
(talent, director, crew) is on a roll and there’s enough film left fora 
take but no tail. Advise the DP and director. They’ll make the call. Or, it 
might be a borderline case of not even ha\ r ing enough film to complete 
the take. Let this be known. Indicate the possibility of a rollout. The big 
dogs will make the call to shoot or reload. When the 1st knows for sure 
there is only enough film for one more take, he announces at the time 
the camera is rolled, “Reload after this take.” Here is the reload sequence 

charted out. See Figure 3-9. 

The 1st announces a reload based on film supply. The 2nd prepares 
the next magazine to be placed on the camera. According to the design 
of that mag, the loop is wound out from a geared mag or just extended 
from a nongeared mag. In either case the freshly formed loop is opti¬ 
mally shaped for insertion into the movement. The last take on the old 
mag is completed. The 1st announces the reload. He covers the lens and 
winds in 10 feet of film. The 2nd prepares a light and air for cheeking 
and cleaning the “gate” (aperture plate) and camera interior. The 1st ic 

moves the exposed mag and gives it to the 2nd. 

The 1st checks the ^ate. Actual removal of the aperture plat*' is °P 
tional. Removal does provide the best examination of the gat*’* 
ever, during removal debris may become dislodged and go unde 
Plate removal to clean is optimal. ^ 

The 2nd prepares the fresh mag and holds it ready to gi v(1 11 ^ . {s 
1st, who mounts it, sets the loop, checks the run, closes the dooi, 
the footage counter, and runs in 10 feet of film. He announces, - 
reloaded” , ,.. rP 

Sometimes a short end is loaded into the camera. The 2nd w 
a piece of tape near the counter, warning of this. The camera is 
anced. Beware. This could possibly affect critical focus marks- 


J 
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rhcie are three basic variations to the above described scenario. 
One is that the 2nd performs the entire reload. In the second variation, 
the 1st removes the exposed magazine, checks the gate, and cleans the 
camera interior. The 2nd attaches the fresh magazine. This variation is 
slightly faster and safer, because there is one less trading of hands for 
the magazine. It eliminates a step (or overlaps it) and it avoids a poten¬ 
tial risk point, by avoiding the handoff. The third variation is an ex¬ 
tension of the second variation. The 2nd removes and stows the 
exposed magazine. The 1st checks and cleans. The 2nd attaches the new 
mag. This is the fastest and safest sequence. Tasks are maximally over- 
lapped. The 1st and 2nd remain out of each other’s way. There is no 
time-consuming fumbling and trading of mags and cleaning tools. Most 
important, the risk point of handing off the precious exposed stock is 
avoided, as well as the risk of dropping the new mag full of raw stock. 
(When light, not transmitted by a lens, strikes film an amazing photo¬ 
sensitive reaction occurs. Producers turn a phenomenal shade of bright 
red.) 

No gate check? Could this ever be an option? The studio scenario is 
a classic, full-dress production setting. It is the most formal and the 
most thorough. Time is usually available and taken for all layers of 
production task performance. There are times, though, when the gate 
will not be checked (Gasp!). If a one-time shot opportunity is occurring, 
mag change time is minimized by eliminating this step, filming time is 
maximized. A clean gate is worthless if you didn’t get the shot. The gate 
will be checked only after the event has passed. But it’s still kind of 
academic, except the integrity of the next take is ensured to a certain 
degree. The likelihood of this contingency is more germane to docu¬ 
mentary field shooting. It is rarely seen in a studio situation. 

There is a second set of circumstances in which the gate will not be 
checked: a magazine reload that occurs before any “printed takes have 
been shot and momentum is judged to be important. Try to blow out 
the gate and film chamber as you change magazines. Also, opportunis¬ 
tic prechecks of the gate during camera stop® help increase probability 
the gate was clean at the time the “keeper® take was film* d. 


Work without a 2nd Assistant 

On smaller shoots, you may find yourself still in a studio. You still have 
a need for speed, but you don’t have a 2nd. The 1st performs the entire 
reload. There is no one to overlap consecutive operations or to perform 
tasks concurrently with you. The answer is: if you can t over lap tasks, 

you can still overlap time. 

Overlap or dovetail the time pci forming a it load with shooting 
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Studio Reload 
Arriflex System 


1st judges inadequate film supply 

1st announces final take and upcoming reload 

2nd preps new mag (loop set) 
Final take is completed 

1 st announces, "Camera reload” 

1st winds in 10' (film) 


1st removes exposed mag 


2nd readies light and air 


1st checks gate/cleans 


2nd takes mag and proffers light and air 


2nd proffers new mag 

1st mounts new mag .. 2ft - 

1st resets footage counter 

1st check run 

1st runs in 10' (film) 

1st announces. “Camera’s reloaded" 

Contingency for Short End load 


1st rebalances camera 


2nd displays short end footage label by counter 


Variation 
Variation #2: 

1st removes exposed film 
1st checks/cleans gate 

Variation #3 

1 st checks/cleans gate 


VARIATIONS: CAMERA RELOAD 

2nd performs entire reload 


2nd mounts unexposed mag 
2nd removes exposed mag 
2nd mounts unexposed mag 


No Gate Check (two situations) 

#1: One-time shot opportunity (rare in studio) 

#2: No printed takes prior to reload; momentum is important (camera interior blown out if time) Pre¬ 
checks recommended. 

Figure 3-B, Studio reload. 


time, before and after the reload. When still on the old magazine, )' (,u 
prepare the fresh one. Once on the new mag, you stow the old 
When you approach the last few takes on a mag, open an emptv 111 
case and a fresh mag case. Place them near you or where the dolly 
will end. Now or later, steal time to prepare the film loop on the * reS 
mag. The same sequence reverses itself after the reload. 
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yvt the reload, perform all steps: remove the old mag, check/clean 
gate, mount prelooped mag, shoot. Overlap stowing of old mag, clean¬ 
up, and paperwork transitions with the resumption of shooting. This is 
fast, but there is a faster version of this. 

The most “stripped-for-speed” version of this involves one full mag 
case only. Steal time to remove the fresh mag from its case. Preloop it 
and lay tbe mag on any safe” surface that is next to you. At the reload, 
remove the exposed mag, lay it at your feet; “safe.” Mount the fresh 
mag-shoot As shooting resumes, clean up. 

This is a drastic technique, it is used when vou are sure the situ¬ 
ation calls for maximum speed. Make sure the powers that be will not 
frown on severe guei rilla tactics. The situation and the persons con¬ 
cerned will dictate the degree to which guerrilla tactics may be applied. 
Chances are they’ll love your speed and let you know they’re impressed 
and pleased by it. Be gracious. You deserve it. 

What time and speed the above techniques buy you is minimal, but 
it is better than nothing and it adds up, It is probably never appropri¬ 
ate to trade absolute safety for absolute speed. Again, let the circum¬ 
stances dictate the degree to which you sell your soul. God bless... 

Field: Speed Work without a 2nd Assistant 

When you take the show on the road to a location, and it’s a big show, 
you still are basically in a studio environment. But when you go out 
into the field, hacking your way through the jungle and parting the 
tall grasvses—here you find the documentary and the documentary 
camera crew. Shhh...don’t startle them or they may film you—in an 
instant. Here you find the true guerrilla. There is no civilization here; 
no studio, no time, no rules, no money, and no 2nd assistant (and no 
Perrier). Filming is done very differently out here. We’ll look at an en¬ 
tire sports/doc scenario. But first we'll look at the camera reload, out of 
sequence and up front, just to group it with the general treatment of 
camera reloading. 

This will be almost the most extreme reload, taking as little as 6 sec¬ 
onds. This assumes you have a magazine-threaded camera an Arri SR, 
or Aaton. These two are the most widely used cameras in documentary 
shooting. For an example, let’s use a car race where the emphasis is on 
speed. 

As you approach the reload, hold a fresh mag in your hand. Your 
“hero” car blows by. You announce, “ Reload!” If time permits, wind in 
5 feet of film. Remove the mag; check the gate. Blow air or wipe the 
rails (pressure plate) with your finger. Mount the fresh mag, wind in 5 
fret of film, and shoot. 

The most extreme reload occurs in the most extreme conditions cind 
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usually at the worst time, i he crew is shooting and shootine v 
tice the subtractive film counter edging toward zero. You sa « n °* 

going to rollout.” The director and the DP keep going. They ,' We ’ re 
they’ll get all of what they want (critical event) before thev “talf^ 
You get a fresh mag in your hand, poised. They shoot to the bitte ^ 
(rollout). The big event still has not happened, but its moment is r ' ^ 
ever closer. You snatch the mag off, snap on a new one, and 
Elapsed time is 2 to 4 seconds. You get the shot. Bam! You’re done. W°tL. 
a way I Phew! There is no gate check, no cleaning, a safe tail is academi 
and winding in a safe head would have happened right over t! . : 
event. Now that we've got the shot, let’s relax a little and go back to th 
beginning of our documentary/field shoot. 

Equipment Consolidation/Ergonomic Camera Modification 

Half the battle is just getting there. A lot of walking and a lot of carry¬ 
ing makes equipment consolidation key. This extends all the way to a 
sjjecial setup of your ditty bag. We are going to choose a race scenario. 
Sports can be the most extreme form of documentary. Racing can be 
one of the most extreme forms of sport shooting. The critical event oc¬ 
curs in brief flashes, and the window for these events is constantly clos¬ 
ing. Let’s go racing. 

Small, light, and fast. That’s how you “dial in” a race car. That’s how 
you “dial in” a camera. Simple, limited configurations, made of few 
components that are quick and easy to change, make for the u h<>t 

setup.” 

Here’s the basic race package. It’s used by Gears Communications 
hallmark in automotive filmmaking. The company has been an inte¬ 
gral part of the racing program with Toyota Motorsports Division lor 
nearly a decade. No camera package or shoot is the same. This expos 1 
tion is exemplary. It conveys important concepts. See Figure 3-10. 

Basically, we have one camera, two lenses, 2x telextender, 
magazines, four on-board batteries, one block battery, and “sticks. ^ 
pod legs and head). Peripherals are minimal. The entire system ^ 
carried by two people. Gears’ crews usually run three to foui ^ 
including an optional soundman (sometimes carries). Standa ^ 
three people: cameraman, assistant, and director (usually carrit aI . ( 
still leaves free hands and backs to carry extra film and t hangmt,. 

if needed. 'notes °* 

This yields a shooting capability of four lenses and 44 1,1 f,oin 

film shooting time. Potential on-board battery capacity rant, 

under L5 hours to just under 3 hours. Carrying a 10 amp/hr r — ^ 

tery will add just under 3 hours, running six to eight mags a 














On the Road 



149 


u cneed 16SR (2 power cables) 

' tfS**** maga*nes 

4 4 °°hoard batteries 

40fl Whr block battery 
1 10 afT ^,.K/ Ronford lens with riding spreader 

Med t hler*Video 20-fluid head 
SaC n cnrce zoom, cable, motor 

P “ 8 ^BND: 85 - 85N9 
41/2 RND optical flat—clear 


figure 


3-10, Camera order—basic race package. 


speed. This indicates carrying extra film, a lot of it* Off-speed capability 
extends from 4 to 150 frames/second. 

In other words, you can do a lot of different things for a long time, 
with no base support. Let’s run through the camera order. 

The camera is an Arriflex 1GSR High Speed. The Cinema Electronics 
(CE) speed control built onto the side is really an add-on. It provides a 
speed range of 4 to 160 frames/second. A right-side pistol grip adds to 
the “handle-ability” of the camera. It eases hand-held shooting and pro¬ 
vides an extra power switch for the camera. A power cable provides 

power from block or belt batteries. 

Four lenses were mentioned earlier, though only two lenses are 
listed. The 2x telextender doubles the “specs” of the 10-100mm zoom 
and 300mm prime. Thus a small optical barrel doubles our “firepower* 
in more ways than one. 

Potential shooting time is dictated by magazine and film supply 
and batteries. Four full magazines allow continuous shooting time of 
44 minutes. Potential on-board battery capacity is 176 minutes (about 
3 hrs @ 4 rolls/battery}. Privately owned batteries that are completely 
drained to avoid battery memory can run six rolls apiece. If the small 
block battery is added to the complement, potential shooting tinru in¬ 
creases by 66 to 88 minutes, running six to eight rolls. This is a maxi¬ 
mum potential shooting capacity of 264 minutes (about 4.5 hours), this 
much film weighs as much or more than the batteries to expose it. 

You’ll probably never do it. But you can. 

Medium-duty Ronford legs and “riding” spreader combine with a 
Sacthler Video 20 tripod head. This makes a light system that still has 
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enough “beef 1 to keep it from twisting and floating through • 

operating. 10 e 

Filters are minimal in sports. Often only a color-correcting ty 
85 filter is used. Often it is not ihe lab can color-correct the f l 
you gain two-thirds of a stop. If tungsten-balanced film is used” 1 
filter is screwed into the back of the 300mm prime and never c j,’ ^ 
The same filter goes on the front of the 10-1 (zoom). Changing to 
(neutral density) combination takes time and takes away sto 
don’t want to do either one. A good stop is important in long-letw V ° U 
chance focus pulling. If either lens is used with the "2x,” two stn ^ 
lost to begin with. This is bad enough. * S U< 

Slight and crude modifications are made to certain pieces of eo 

ment in this package. The aim of these small changes is to either reduce 
long-term fatigue or increase speed. 

Ihe first change is to the carrying handle on the camera. It is en¬ 
larged roughly three times by being wrapped with camera tape. The 
tape is much softer than the hard metal handle. This makes 10 to 15 
hou i s of carrying much easier on the hands. More important than soft¬ 
ness is the size of the handle in preventing muscle fatigue. The larger 
handle is gripped differently by the hand. This different grip uses dif¬ 
ferent larger muscles in a different part of the arm. A small fist/finger 
grip employs smaller, less-powerful forearm muscles. The small grip 
requires a great deal of constant tensioning. This is very fatiguing. A 
large whole-hand grip uses the large muscles of the upper arm. These 
muscles fatigue less easily. They can carry a similar weight while main¬ 
taining a more relaxed state. Also, their use allows the smaller, more 
constantly tensioning, forearm muscles to work much less hard. This 
alone makes for a f resher crew member toward the end of the day. 


The next change is to the tripod head. Speed is increased with some 
minor sacrifice in safety. On the quick-release lever, the semi-preventa* 
1 u r safety lock is removed. Mow camera release requires one step, not 
two. This allows the camera to be instantly snatched from the head for 
emergency hand-held shooting. There is no fumbling here and no 
chance of the safety catch sticking, causing loss of the money /story 
shot. It is often these kind of shots that tell a big part of a sports/docu¬ 
mentary story. By themselves they are worth many times that of the 
more routine shots. The system is many times more powerful and only 
a little less safe. It still is capable of a “positive lock.” Besides, you are 
professionals. You should be able to handle a slightly hotter, more sen¬ 
sitive, and less forgiving setup than an amateur. 

The final change is to the tensioning knob on the clamp-on fd ter 
ring, l’he knob is enlarged roughly two times with camera tape, mak 
ing it more ergonomically sized. This allows greater torque to be easih 
applied. This enables the clamp ring to be firmly snugged with I)|lt 
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firm quarter-turn. In reverse, the ring is more easil and 

ened. On he off chance ,ha, a filter must be changed, elination of 
this fumbling point can save up , 0 10 seconds. Depending on the sta¬ 
dium or road course, you may have a change window of aero seconds 
up to approximately 01:40 (mm, sec). If you’re responsible for shooting 
two cars on a track, you will halve this time allowed. Speed counts 

Everything is aimed at saving ener?v *; r , 

, * , 5 ener Sy and time—from the items or¬ 

dered to how they are modified. This system can do a lot of different 

things for a long time, and it’s fast to use. The above was a discussion of 

what it can do; now let’s look at what to do with it, or how to carry it 

around. 

Carrying* A small camera package is consolidated into fewer carry¬ 
ing cast s and hags than is a large one. Fewer cases and bags are easier to 
carry. Here is how the entiie system described above is made to be easv 
and comfortable to carry, and efficient to use. Again, no two packages 
are alike, we’re talkin’ concept. 


The camera is most often carried by the operator. It is fitted with 
the (10-100)/2x lens combination. The tripod is balanced on the assis¬ 
tant’s shoulder. The zoom control is mounted in a bracket fitted to the 
tripod pan handle. A two-hole (purse-style) mag case is carried. Only 
one hole contains a mag. In the other hole rides the 300mm prime. 
There is room for the 2x and extra 40.5 filters. (If you don’t have ’em 
they’ll want them.) Four on-boards, filters for the 10-100, two mags, 
and one power cable arc carried in one of two knapsacks. 1 his divides 
the load and shares the effort more evenly. 1 he block battery is carried 
(it’s a case) with a power cable plugged into it. This takes three shoul¬ 
ders and three hands. This means two people can carry everything it 
push comes to shove. More often, three to four people divide the gear. 

Usually the crew makes it back to base before full supplies are ex 
hausted. Often not all mags are carried. The block is carried only when 
the end of the on-board battery supply is approached. The system car¬ 
ried includes a “built” camera with 2x, two mags, two batteries (redun¬ 
dancy), the 300mm, and tripod. This means one camera, one case, one 

bag, and one tripod. 

No extra film is carried. If everything is carried and you’re plan- 
ning to stay out, film and changing gear are carried in one of the packs. 
I prefer an extra small zip bag that is strapped to one of the packs. The 
above is how everything is curled. You say. Ttoe’s no mentton of a 
ditty bag. Where is it? Who’s carrying it- 


Special ditty bag setup: The ditty bag is carrying magazines and 
batteries. There is room for this because your ditty bag (classic open- 
top satchel) has been traded for a knapsack. The design is better for this 
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kind of work. There’s room to carry camera gear because y OUr k 


carries virtually no tools. It has been almost completely em ■ 

3 rtrial contents. It is set up to provide maximum room fo ^ 


sack 
its normal 


ap. 
of 


ing. Extraneous items are removed to reduce weight and avoid 
fatigue. Again the aim here is to be simple, efficient for carryi 
access, and lightweight for energy conservation. “ ® ai ^ 

The ditty bag, like car and camera, is specially set up. It i s « rac 
pared.” The normal ditty bag weighs about 15 lbs. The specially I> ( 
pared ditty bag weighs 1.5 lbs. The studio-equipped bag contains ab ^ 
30 items. See Figure 3-11. Che “setup” ditty bag carries about seven items 
The studio bag is full and contains everything. The field bag is “em i 
and holds almost nothing. 

Take your ditty bag and empty it. Or, leave it full and leave it at 
base. This is where any major surgery would be performed, anyway. i n 
the field you just don’t need all those heavy, space-wasting tools. 

A knapsack is much better suited for carrying long distances for 
long periods. A good one, equipped with handles, shoulder straps, and 
sling strap can be carried at least three different ways. This spreads 
around the muscle use. Also, its numerous straps and handles can be 


Normal Ditty Bag 

superglue 


compressed air 
1 set jeweler’s screw drivers 
flashlight 

8-tt. metal measuring tape 
lens brush 
Chamois eyecups 
flashlight with magnifying glass 
scissors 
tweezers 

50-ft. cloth measuring tape 
Rubber-bulb syringe 
two orangewood sticks 
set of hex wrenches, 1.0-8.0mm metric (.050"- 
5/32' BFP [British]) long and short arm lengths 
knife 

6-in. combination pliers 
6-in. needle-nose pliers 
depth of field calculator 
Sundicator 

small rolls cloth tape: 1 black, 1-in. 

1 white, 1-in. 


6-in. diagonal cutters 
6-in. crescent wrench 
1/4-in., 3/16-in., 1/8-in, blade (width) 
screwdrivers 

no. 1, no. 2 Phillips-head screwdrivers 
carabiner and/or "S" hook 
grease pencils 
chalk 

large markers: red, green, blue 

felt marking pens (small): medium-point 

fine-point 

rubber bands 
lens tissue 
plastic cinch straps 
lens solution 
camera oil 
AAA batteries 
AA batteries 
earplugs 


ri[£urt> 3-11. Normal ditty bag. 
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snatched in a fire-drill move much more readily. It can be put down 
more roughly and because of this more quickly, without spilling its 
contents. It can be , i, ;>rd - losed against flying mud, dust, dirt, and de¬ 
bris. No open top stares up at a raining sky. The material it is made of 
is waterproof. The canvas ditty bag isn’t. 

At minimal weight) providing maximal capacity, a minimum of 
tools are carried. See I igure 3-12. One can of air; it’s a dusty world out 
there. Carry a very small, almost completely used up roll of white tape. 
Don’t wind some onto a film core. It’s quirky, anal, persnickety, at best 
cute; at worst it is a waste of time. (This practice is for a studio 2nd. 
They like ibis kind of thing.) The plastic core weighs more than the 
cardboard core. The largcr-diameter cardboard core is easier to grab 
from your bag. It is easier to catch, if thrown to you. It can be hung on 
any protuberance. A film core can’t. Remember, harmony with your 
environment. Bending the world to you is not Zen, The tape should be 
white. You’ll use it for focus marks. White is easier to see in your dark 
bag- This, too, makes it quicker and easier to grab. 

The only adjustments you’re ever likely to make to this environ¬ 
ment arc large, gross changes. So the only tool you’re likely to carry is 
one large straight-bladed screwdriver. You might use it on a snatch- 
plate or for prying (you heard me), and it’s big enough to work as a 
hammer. (This is guerrilla stuff, pattycakes!) The redundancy is the 
quarter in your pocket. Only carry one (weight). 

A set of jeweler’s screwdrivers will probably never be used, but 
they’ll get you everywhere the big one won’t. Most often, the kintl of 
adjustments and repairs requiring these fine sizes mean you are prob¬ 
ably not into a “quick fix." 

Lens tissue: there’s really nothing safer for cleaning a lens surface, 
when combined with air and solution. Weight is negligible. Put somt 

in your pocket. 

“Wet Naps” work like lens tissue. And they are infused with alco¬ 
hol, so you don’t have to carry a bottle of solution. They re great for 
taking dried mud off filters. If you’re hesitant about using them di¬ 
rectly on a lens, squeeze the alcohol onto some lens tissue or directly 
onto a lens. They’re a great refresher on hot arms and sweaty fore¬ 
heads, Offer one to the director. 

Carry four fine-tip Sharpies, two of one color and two of another. 
You only use two colors; the other two are replacements. Carry two col¬ 
ors in your pocket. They’re fine points, because we re filming fast ob¬ 
jects with long lenses. In making focus marks on a lens, the faster the 
object moves or the longer the lens, the more critical the focus. The 
thinner the line designating lens focus, the more exact is the mark. The 
more exact the nu . the more exact the focus point. Decreased focus 






tolerance demands decreased mark tolerance. As object focus be c 
more critical, lens focus becomes more critical. So do your tools ' ° Ines 


T Object Focus = T Lens Focus 


Carry a small flashlight at night only, to avoid extra weight when 
ever possible. Most cameras used in pressure/speed documentary Set 
tings are “nonthreading.” The magazines are “threaded.” Tf 
carries the pressure plate. The loop is set on them, not in the earner ) 
When the mag is removed, the gate and film rails are exposed to day¬ 
light. There is no need for a flashlight for peering into dark film cham¬ 
bers. 

This is the minimal bag at minimal weight. The handful of tools in 
it takes up minimum space. This specially set up bag is easier and faster 
to use. Speed is always a desirable factor. Carrying so very few tools to 
select from means that each item is more easily located with the eve 
and more quickly grabbed with the hand. It is lighter and easier to 
grab and carry. These things all help delay the onset of fatigue. Hey! 
Minimize to maximize. Zen. 


Your other tools and equipment remain available at base, where 
you can and will return as the situation dictates. If, however, you’re go¬ 
ing to stay out for extended periods of time, you’re going to need extra 
film and battery power, 'he specially set up bag aids you to this end in 
two ways. This bag possesses “add on" capacity, as well as its preexisting 
extra space, provided by the minimum number of tools that it carries. 

Carry film for reloading, as indicated in Figure 3-12. If you’re earn - 


Ditty Bag Special Setup: Tools 

compressed air 
white doth tape: 1/8 roll 
1 large screwdriver 
1 set jeweler's screwdrivers 
lens tissue and solution 
4 fine Sharpies: 2 red 

2 black 

flashlight (night only) 

If Carry Film 

# empty cans = # of (types of) film stock 
black tape: 1/2 roll 
extra color tape/extra stock 
changing bag 

Figure 3-12. 
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inti only one srocKj you l. 

poser! film. A second caa is „ ot ZSmZ'™ Tn ‘° T - " 

t pnd In sinele-stnrlf H ' d P artlall y sh ot, unexposed 

shoit end In single stock documentary shooting, a roll is never nar- 

tially shot and broken off. If you carr t film ®. , e par 

One is for exposed. One is for brnltpn „«• , y 

T . -J 101 tJ'oKen-off unexposed. You mav switch 

stocks in tni<l-ioil ,« „ gets dark. Carry cans of rarv stock as per your 
es ,.mated need Carry black tape for canning exposed rolls. If you are 
using two stocks, carry an additional color of tape. This helps distin¬ 
guish between mags loaded with different stocks. Obviously, ii is best if 

the tape is color keyed to the stocks at hand. And of course carry a 
changing bag. 


The extra film and peripherals can be carried two ways. Both 
knapsacks will hold mags and batteries* Staying out for an extended 
time means carrying all your mags and all your on-board batteries. 
Possibly even the block battery will be taken. The block battery runs 
so many loads that you might consider dropping some of the on-boards 
from youi pack to tegain space and reduce your total carrying wei- lit. 
Never drop all your on-boards. If your single block dies, you have no 
redundancy. The on-boards provide greater convenience, speed, and 
agility to the crew until they are all spent and you resort thankfully to 
the secure strength of the on-board. (Hopefully, you won’t have to 
shoot that long.) Film cans, tape, and changing bag can be stuffed into 
the knapsacks around everything else. You can’t take a lot of extra film, 
and with the packs stuffed full, everything is hard to get at. 

Strap it on. Add on an extra bag. The knapsacks are made for it. A 
small canvas zip bag, about 24 inches in length, can be tied by the han¬ 
dles onto any of the numerous straps on a knapsack. This is a good 
place to mention extra straps. Twenty-four-inch canvas straps looped 
through a knapsack strap create good add-on carrying capability tor 
your knapsack. Carry at least two. They can safety your extra film zip 
bag. A changing bag in a stuff-sack is carried neatly by two straps. 
When strapping on extra bags, snug them to your knapsack as much as 
possible. If loose, they become swinging weights. This interferes with 
your balance, causes your body to work harder, and hastens the onset 

of fatigue. 

The ditty bag, like everything else in nature, is just one more exam¬ 
ple of u less is more, 55 Not every shoot is a documentary, and not every 
documentary is a race. The above is an example of spet lal modifu ,1 turns 
for special applications. That is the key point of the whole chapter. 
T ake away the idea, not the exact particulars. The idea is more impor¬ 
tant because the idea can also be modified for any special application. 
Develop a system that works for you. On the subject of “less is more” 
an d minimize to maximize, we’ll now look at a camera system that 
w °rks fop our race scenario. 
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Minimal Camera Configuration 


The camera is configured in as minimalistic a way as possible 
still allowing it the capabilities to meet the day’s shooting r L 
ments. Although a camera is a system made of numerous compon^ 
that system is greatly simplified to enhance ease and simplicity of ' 
as well as speed of operation. Simplifying and minimizing also ret j^* 
overall carrying weight, which delays the onset and minimizes the de 
gree of fatigue. 

The race-built camera is described like it is built: simply. Spreader 
tripod, head, camera, battery, magazine, zoom lens, telextender, 
ring, and shade. The camera has no baseplate assembly, no iris rods, no 
support bridge, no matte box, and no follow focus. The system has the 
following modifications: enlarged carrying handle and enlarged filter 
knob. Filter change time is reduced by roughly 30 percent. The safety 
catch is removed from the tripod head. This cuts camera dismount time 
by 50 percent. 

The only remaining variables involve the zoom motor and control. 
You should be ready to remove the zoom motor at a moment’s notice. 
Freeing the zoom movement should take 2 to 3 seconds. Total motor re¬ 
moval should take under 5 seconds. While the motor is in use there is a 
choice of replacing the pistol grip with an elbow-mounted zoom con¬ 
trol. This allows the camera to be snatched from the head instantly. 
The motorized zoom is available for hand-held shooting and no time is 
wasted unplugging cables. The downside is that when operating on 
“stix,” the operator must reach awkwardly around the camera to zoom. 
This almost totally negates a high-speed pan. Also, the position of the 
hand for operating the zoom is awkward and unnatural. This can con- 
tribute to awkward zoom moves. The alternative is the tiller-mounted 
zoom bracket, or “rock-and-roll” handle. A bracket is mounted on the 
pan handle and the zoom control is fitted to this bracket. This allows 
much more loose and natural posturing for the operator. Swish p aIlS 
are easily performed. Extreme-high-speed pans are never easy, but tm> 
are easiest here. The operator is not hugging the camera and in a f® 5 * 
move can get out of the camera’s and his own way. 'he operator s han 
is allowed to more naturally interface with the zoom control knob. The 
benefits are obvious. The more natural position of body and hand h* i 
delay and minimize operator fatigue. , 

Here is a con. The camera cannot be instantly freed from the ' ll ^ 
in an emergency, and when it is, motorized zooming is not avail - 1 
the hand-held operator as the cables have been unplugged to l ,(t , 
camera and the zoom control is still sitting back at the tripod ^ ^ 
Also, the zoom motor makes hand zooming more di ficult. He 1 i* - 
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pull it! It ^he operator asks you at this point he won't have much j>a- 
tience, but it you can free it up in 2 seconds you’re a hero. Most guer¬ 
rilla operators will just muscle the zoom. A studio guy thrown into 
the field just might ask. (They whine a lot too.) Just do it for him. 

Quick! 

Here is a trick, used by operators of the tiller-mounted school, to 
grab unexpected action shots. When not shooting, the camera (sitting 
oil stix) is left idling on 10mm. If a crash or something shot-worthy 
occurs, the operator pans the camera to the shot, at the same time flick¬ 
ing the power switch available at the zoom control. The camera is in¬ 
stantly started as the operator begins to pan. This 10mm zoom setting is 
wide enough and provides enough depth of field to always render a 
technically good shot. During the pan, the operator bends to the eye¬ 
piece, unlocks the tilt, and reframes the shot. Success rate here is over 90 
percent. Director producers really like guys who do this, for obvious 
reasons. 


guerrilla shooting 

Here is a “slice” of sports/documentary shooting. We’ll describe break¬ 
ing a setup, making a new setup, and shooting. During the new setup 
and shooting, we’ll describe case layout, getting marks, flying focus 
(very heuristic), lens changes, mag changes, and battery changes. Let’s 
start at the end. We’ve got our shot at this location so... 

We break the setup. Open cases are closed. The zoom cable is un¬ 
plugged at the control. This means unplugging only once as opposed to 
twice. The other two connections are much harder to unplug and each 
single disconnect takes longer than the zoom disconnect, The operator 
carries camera and cable. This also makes the new setup quicker. The 
assistant grabs a knapsack and stix. Learn to automatically balance the 
legs on your shoulder. They won’t fight you and you 11 stay freshei 
longer. The director grabs the other knapsack, if extra, and the purse 
style mag case. You may walk. You may run. Don t lag be hind. If it s a 
long move and vour body begins to hurt, try to focus on nothing 01 
cultivate enjoyment of the exertion. (WeU talk later about physical 
e xertion.) 

You get to the new location. Place the stix where the operator 
points. As he locks camera onto the head, connect the zoom. Youie 
1 eady to slioot. Setup timei 8 seconds, (rft maiks. When able...put 
down the knapsack nearby. Open the purse case at your feet. In it is one 
ma S and the 300mm. Get the extra knapsack near you when time al- 
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lows. In it are batteries and more mags. The operator and 
have gotten marks by now at the latest. 


ass >stant 


Getting Marks 


Getting marks fast is critical. You'll need to shoot soon, and y ou 
need some practice to warm up to the pull. A lot of focus pulp ^ 
moving objects is a kind of brain-learned timing event. This plumon!' 
non figures to a great degree compared to indexing/focusing g eo 
graphical landmarks. A thin tape strip on the lens does not cover 
footage scribes on the lens. It can be torn off and replaced with a n 

* VV 

one for new marks. There is no f umbling with tape arrows that can fall 
off. If it gets damp, the strip will last a lot longer than arrows. 

Good simple communication streamlines discussion of landmarks 
Long descriptions of “Do you see that yellow sign across the track, three 
signs down from the blue one that...” are confusing and fall victim to 
parallax error inherent in your two different viewpoints. The problem 
is that parallax will cause you (two) to establish two (different) object 
focuses (unwittingly) and one lens focus. Two object focuses dictate two 
object distances. Simple math says two object distances just won’t work 
with one lens focus. You’re discussing sight lines because there are no 
distinguishing landmarks on plain tarmack. See Figure 3-13. Here you 
see that two sight lines cross the track at two different points. So the car 


PARALLAX ERROR 



that all sight 


Figure 3-13. In discussing sighting, set a single criterion 
lines project along the principal or central axis of the lens. 
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that the operator’s shooting will be on his object focus and lens focus 
before it is at your object focus. Your different object focus will, of 
course) have a different lens focus. So in this routine a focus error is 
automatically built in. You will pull to the lens focus the operator 
shows you late because you are waiting for the object to arrive at your 
object focus point. 

If you must use sight lines, use only one. That sight line should ex¬ 
tend through the camera axis across the track to a landmark. The as¬ 
sumption you both use is that object focus lies approximately halfway 
across the track, or where both of you have seen the cars establish a 
“line” (fastest way around a track). Establish and reconfirm this crite¬ 
rion constantly. Sometimes you will need to use this method, but you 
can see it takes too much confusing description, discussion, and time. 
There is a faster way. 

Focus directly on points on the track. How can you do this? There 
are distinguishing features on blacktop. The car is the distinguishing 
feature, and it is what you want to focus on, anyway. 

This method requires cars on the track. You may sometimes be us¬ 
ing the preceding, more descriptive method if you need to get marks 
early. Then you can practice as soon as cars arc out, or you can begin 
shooting if you don’t have much time at that setup. But if cars are al¬ 
ready out, use the following faster method. Less talk equals less time. 

Speed and efficiency are found in total lack of ambiguity. Discus¬ 
sion and description are minimal. There is no guesswork. The car 
shows you exactly where to focus, as it moves into the beginning of tlie 
shot, through to the end of the shot. Either the operator or the assistant 
picks the object points that will establish lens focus. As the car moves 
down the track, one person calls out, “One, two, three, four,... 1 The op¬ 
erator then sets appropriate lens focus to each point. I he assistant 
marks it with a thin line. 

The line should not extend more than halfway across the tape. This 
is because the shot may include a pan away at receding objects. Object 
points for these that are equidistant to object points for objects ap¬ 
proaching are focused at identical lens focus points (on the lens collar). 
Mark a thin line with the other color Sharpie on the remaining half- 
width of tape. The line across from the witness mark for equidistant 
object points (approaching and receding) will be half black and half 

red. 

Make each line mark a different length. Alternate consecutive lines 
as long and short marks. See Figure 3-15. This helps the eye greatly in 
distinguishing one mark from another. This is important because the 
knes are not distinguished by numbers written on the tape. Writing 
n umbers on the tape takes extra time. More important, numbers (extra 
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ink) make the tape messier and hard to read. The effect is 

you need to make a correction mark. Often the marks on if 

of a long lens wind up very dose together. As “clean” a tane 

sible helps avoid confusion. ' Sll P* 8 pos- 

A correction mark must look different so you can identif 
correction mark. A correction mark is made of two lines no^ aSa 
correction mark originates at the witness mark, but extends aci . 0lle ^ 
tape at an angle. A second line originates at the same point and 
across the tape at an equal but opposite angle. It looks like an 
Figure 3-15. The correction mark takes priority over the original si ^ 
line mark nearest to it. Do not scratch an old mark. There k n Ul ® 

1 ^ HQ room 

for the added messiness. If, by chance, a correction mark occurs equidis 
tant between two marks (ambiguous), do not label it as one. Treat it 
an additional original mark and denote it with a single line. See Figure 
3-16. Now you must eliminate a bogus mark from one side of this addi¬ 
tional mark. Scribe a short vertical line, across the bogus mark line, at 


Figure 3*14. 

Alternate marks are differen¬ 
tiated as simply as possible by 
altering mark length. 
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j'wurc 3-1S* 

A correction 

priority over 

to it- 


mark (arrow) takes 
the mark nearest 



the end originating at the witness mark. If you must, for clarity, scribe 
another short vertical line across the miO'ile oi the line segment, do not 
let it touch another line mark. Do not scribe the second vertical line if 
focus line marks occur very close together. You now have a clean, sim¬ 
ple, easily distinguished set of marks. 

Priority of Marks 

Priority of mark taking can be key to the success of the pull and of the 
shot. Sometimes conditions preclude not only time to practice but also 
time to get a complete set of marks. Actually, no set of marks is ever 
complete. Between two object focus points and two lens focus marks, 
there exists, in theory, an infinite number of points and marks. In the¬ 
ory, the perfect pull requires lens focus to correspond to object distance 
perfectly over the entire span of the pull. Experience, and the practical 
Physical limitations of this, show that there is neither time nor need to 
take every mark for every point. The physical laws of nature make 



































































Figure 3-16. 

A correction mark equidistant 
between two marks looks like 
an ordinary mark. The bogus 
(error) mark is noted by cross- 
hatching. 



this task literally impossible. To take every mark for every 
would literally take forever. Even if one did have infinity to do t . 
the pull would be almost impossible. The space on the tape between ^ 
points at the beginning and end of the pull, containing an 
number of marks, would appear to be one solid vertical bar t e 
of the focus tape. The move would become solely a timed event. ^ 
brain just doesn’t work on timing chains that long, nor does 1 
them that quickly. If you had time, you could eventually leaf 11 
the timed pull. The race would be over though and really y our ^ 
would just be dividing the single line into numerous smaller se ^ _ ar j^ 
and treating those segments like discrete and inexact single focus 
(areas). It would return the solely timed event to a timed/spa* 13 
Your three or four focus marks do a much faster and betterJ () .ftr 

i k i It JS £> L1 

even though in reality your minimized set is less complc 1 ■ 

cient and adequate. It is heuristic. . , nl jjifi' 

But let’s go back to the single solid vertical mark made o 
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„itc number of marks. As your brain learned to move through this 
pull, at a certain rate, it would be telling your hand and eye, “We want 
be somewhere in tin,: first third of the segment at, and close after, 
the beginning of the pull. Then we want to be somewhere in the sec¬ 
ond third of the segment about halfway through the pull (remember 
focus is not linear).” And so on ..What your brain is conceptualizing is 
an analogy of what you physically want to do to the depth -of-field 
zones from the beginning to the end of the pull. The location and ex¬ 
tent of these zones are determined by the lens focus, corresponding to 
object distance. Object distance and lens focus, of course, change during 
the course of the focus pull. 

Unless... you ic at a hyperfocal setting, which is a special case. It is 
also rarely possible to use a hyperfocal setting on a lens of any ^beef* 
(focal length) for a focus pull. The physical parameters of this would 
render a boring shot. Hyperfocal settings deny a long lens its potential 
to operate at full power. The awesome imaging capability of an ex¬ 
treme long-focal-length lens is never attained. 

Let’s go back to varying DOF zone sizes. Think of focus as a cloud. 
You can move this cloud closer or farther. You can change the size of it. 
You can do both by changing lens focus. As you decrease lens focus the 


Small object distance Big object distance 

Small depth-of-field zone Big depth-of-field zone 


near point far point 

object distance 



ne or mark 


lens focus 


far mark 


life 


re 


3-17 


Jrnber r: clou ds created by two lens focus marks more than cover focus tor an in 
" °^i ect focuses, precluding the need for an infinite number of lens focus 
en "ear and far marks. 
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cloud approaches you and becomes smaller. As you int r 

' ' - ease len 


the cloud recedes and grows larger. Because of this you m . 
a few clouds to cover an entire pull. See Figure 3-17, * 


S f °c Us 

only 


This means that only a few marks and their correspond’ 
(depth of field) zone locations and sizes may be adequate to ln 5 DOf 
entire pull. A pull with two marks may create two DOF zones p*' 
up, end to end and cover the entire pull. The same pull with ^ 
marks contains intermediate marks and intermediate DOF 2one *° Ur 
intermediate marks are insurance marks and they create overla ■ 
DOF zones. ^ * 

This is why getting too many marks can really be called overkill 
But hey! Insurance is great if you can at ford it, but sometimes it j Ust 
isn’t in the cards. Here are the marks to ask for and why. 

Ask for the fewest marks that will hopefully cover the entire shot 
Ask for the far mark first and the close mark second. If you have time, 
take an intermediate mark that corresponds to an object point that is 
less than halfway between the halfway point and the close point. Re¬ 
member, focus is not linear. A lens mark to focus a far point, a halfway 
point, and a close point would look like Figure 3-18. A lens marked fin- 
points as prescribed would look more like Figure 3-19. In Figure 3-18, 
notice that lens focus for shorter object distances is a bigger, emptier 
space. Here, where DOF zones are smallest and focus is more critical, 
you need more guidance (information) and have less of it. In Figure .! 
19, where lens focus information is greater, and DOF zones are smallei 
and focus is more critical, you have more information where you need 
it. Which set of lens focus marks would you rather pull to? In Iig UI ‘ 
3-19, your “wide-open spaces*' occur where DOF tends to be a 
open space” as well. Also notice that the intermediate mark dcsign.it* > J 
lens focus that provides DOF for the entire shot. 


far 


Figure 3-18. 

“Picture” of a lens marked for points farthest, 
nearest, and exactly halfway in between. Focus is a 
nonlinear property. Symmetrical choice of object 
focus (far, halfway, close) minimizes marks in 
most critical zones of focus. 


t/2 far 

object distance 















165 


On the Road 



Mat* Metrical (object) 

tend to create 
more critical zones 

’lie &** 


far 


R 



(J 



l(j 

>1/2* 1/2 



object distance 


M 



f] 

near 


; [) 


1 object distance = 1 critical 


-i object distance = T critical 


The far point (object focus.' or far mark (lens focus) is your most 
valuable mark. You get the most for your focusing “dollar.” (Laugh 
here.) At maximum object distance, there is maximum DOF. This single 
mark will hold focus longest and over the greatest percentage of the 
shot, compared to any other mark. Also, it is the head end of the shot. 
If you get no other mark, this mark and a heuristic pull will give the 
longest piece of the shot. Editors and directors tend to like to cut to the 
head end of partial shots, as opposed to the tail. Tail ends of partial 
shots cut in an awkward manner and are seldom used. So the head end 
is the most valuable part of the shot for two reasons. Also, ha\ ing the 
first (far) mark gives you a reset point every time. This avoids fum¬ 
bling. There is no distraction of readjusting eye focus for the operator. 
It can be very taxing to his concentration, pre-event focus (mental), and 
relaxation. Relaxation is a huge part of concentration. 

The next most important mark is the close mark. Some argue it is 
most important, due to its most critical DOF. They also say the far can 
be gotten on the fly. IVe already argued this point. Anyway, the close 
mark combined with the far mark can possibly cover your whole shot 

with minimum mark taking in minimum time. 

Third in importance are intermediate marks. If the shot covers a 
fair distance and/or you’re using a long lens, one or two intermediate 
marks are valuable. They can extend the life of the shot if the critical 
close-mark focus falls apart. Let the first of two intermediate marks be 
toward the close end. Again, small object distance means short DOF and 
focus is not linear. You need to fill up those scary wide-open spaces on 
the focus tape, especially at the closer lens focus values. Pick a point that 
is less than halfway between the halfway point and the close point. 
T his will help cover you in the more critical, short DOF portion of the 
shot. Also it will help provide a more evenly spaced set of marks. 
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A second intermediate mark will, of course, help fill fij 
Choose a point that is roughly halfway between the halfway V ° it3 - 
your first (near) intermediate point. This mark will fall approxi m 
halfway between the nearest and farthest lens mark on the focus 
A midpoint and intermediate far point may be taken. They P p pe ' 
marks near the far lens focus end of the focus tape. They’re mor V ' d 
luxury, but every mark is more information and most welcome 
So you’ve gotten your marks and you’re shooting. You’ve got th 
shot on the 200mm (10-100mm/2). 1 


e 

of g 


Lens Change 

Anticipate the lens change. The director wants to go longer. In ( U]r 
package the next step up is the 300mm prime. The director indicates a 
“go” to the 300inm. Step square in front of the camera. This is the best 
position for a lens change. You can see both sides of the camera bodv 
and lens. You can see cables to be unplugged. You can see bayonet locks. 
You can reach B-Mount lens releases. Also, when you remove the lens, it 
is pulled straight out. This avoids pulling the camera over. Unplug the 
zoom cable from the motor only. Let it dangle or hang it on the pistol 
grip. Depress the lens locks. Pull the lens. Lay it down, at an angle (front 
element up), in the open mag case. If it’s raining, put it in your sack 
with a back cap. Mount the 300mm, Step to the side. This should take 
about 5 seconds. When you get a small time window, cover the zoom’s 
front element with the MOOmm’s large front cap. Chances are you pre¬ 
marked this lens if you got to your new location without needing to 
shoot immediately. 

Recall is obviously important, when going to a pre-marked lens. 
This emphasizes the advantage of making a minimal number of marks. 
It is a longer lens, though, so you may have made more marks for 
than for a shorter lens (perhaps only one additional mark). Tell the op 
erator (hat you're ott the 2 and visually confirm his exposure to 
it makes sense. He’ll thank you if you catch an error. In firestorm shoot 
ing, oversights are easy to miss. Now shoot. If there’s film still l^t- 
Check the film supply periodically, 


Magazine Change 

Anticipate a mag change. Pick up a mag from the open mag case ne 
move the throat cover. Announce that you’re running low so evt 1 V 
can decide to change in a time window or shoot to a rollout. At _ 
load, the operator may, liecause he’s standing next to it, remove ^ 
spent mag, visually inspect the gate, wipe it and the rails with a » in b , 
and mount the new mag. If he doesn’t, you do it. Reset the counts 1 " 
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run in 5 feet. As you are running i n the head, take the spent mag from 
the operator if he s holding it. At a time window, place it back in its 
case upside down. If you put it in your knapsack, lay the mag so it is 
oriented in a way that is distinctly different visually from any other 
mags containing unexposed film. Resume shooting. The dust has settled. 
Shooting has resumed. Now is a good time to talk about the gate check. 

A gate ehec k at reload with no chance of a retake still has value. A 
lot of emulsion buildup will alert you to a problem that can usually be 
traced to a pai ticular mag, which can be retired. It takes almost no ex¬ 
tra time as the visual inspection occurs even as the new mag is being 
moved into mounting position. 

There are exceptions to this routine in a faster reload. There is no 
gate check, only a cursory rail cleaning with the finger, and a new mag 
is mounted. In the fastest reload, no check or cleaning occurs. The new 
mag is mounted. Shooting resumes. There is no head roll in or counter 
reset. This occurs in only the most extreme conditions. But the most ex¬ 
treme conditions can and do occur. 

All variations of the above reload scenario can and do occur. All, at 
their time, are appropriate. Reload time should range from approxi¬ 
mately as much as 12 seconds to as little as 4 seconds. This is very fast. 


Battery Change 

A battery change can be expected after a number of mag changes. A 
red LEU indicates a low battery. The camera will run at speed for a 
short time longer. Take a battery from your pack, saying in a loud 

voice, “Battery change.” 

When the camera is stopped, one of two things will happen. Th« 
operator removes the old battery and trades you for the new one. last, 
but there’s faster. Step behind the camera. The operatoi stops tht cam 
era. Grasp the old battery, pull it back and up off its pin witli a singU 
firm motion of one hand. Mount the new battery. The first change 
takes 5 to 6 seconds. The second change takes 3 to 4 seconds. Fast! 

Nothing is like it is in a textbook-even this one. Your camera may 
have no external battery indicators. Learn the approximate l>at- 
tery/roll capacity. Change according to this schedule. You near a 
change point. An important shot is coming up. Change the batttiy. 

' S P«*d Change 

The last change is a speed change-ironic. Our director likes to go high- 
s Peed on very long lenses. It’s a great shot. Cars with their rounded 

aerodynamic bodies look like giant lumbering marshmallows. They 

s eem to gently bump around off the sides of the frame coming straight 
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at you. You can see every bit of float, speed wobble, and inertia - 
16 percent motion. “Bumping up” to 150 frames/second is a lo^i ^ 9t 
and a half stops. The 2x telextender loses another two stops, Th’ 
aperture compensation of four and a half stops on a (Soo m S |■ 
{300mm/2x) becomes very Zen. Remember the force, Luke... 

Make the change fast. An Arri SR High Speed has a CE speed c 
built onto the side. Slide up the safety cover. Adjust the digital sett! ^ 

There is a “best” way to do this. It is, of course, the fastest way 4 ^ 
the fastest way is not looking. Having to look and think as you’re m a k 
ing a change slows you down. Instead, make the change and then 
visually. It’s like adding and subtracting in your head, as Opposed r 
counting on your fingers. 

This is the method. The speed control “goes out” three places: hun 
dreds, tens, ones. Below anti above each denomination is a button. 
Pushed once, the button raises or lowers the value of the appropriate 
numeral place by a factor of one. Go from 024 frames/second to 150 
frames/second. Push the button below the hundreds place once. Push 
the button below the tens place three times. Push the button above the 
ones place four times. Check it. The speed control now reads 150. Raise 
and lower the respective values of each place using the fewest button 
pushes. This is the fastest way to change frame rate. Per this example, 
we have used a minimum 8 button pushes, opposed to a maximum 23 
button pushes. The change is three times faster. Visually check the ex¬ 
posure compensation, or announce the new stop and change it yourself. 
This is something you and the operator will work out. 


Flying Focus 

Practice is valuable if you have the time. This is a timed/spatial learn 
ing event for the brain. You may not be able to practice the actual p u 
because the director’s talking to the operator. You can practice 
feedback from the operator. As a car drives through the shot, p u ^ | 
lens (focus). This will rehearse timing of the move and spatial locatic 

of the marks. 

Practice of spatial location alone is valuable. Sometimes it hapl 

^ • j ‘ VnU 1 

that, after getting marks, your car is about around again- > ^ ^ 

have time to try a pull on a preceding car. If possible, quickly 1 H ^ ) S( , 
lens to each mark. You won’t learn the timing, but you win 11 1 ,| S 
the spatial element, at least once. This helps, because racing ^ 0C ^gpter 
usually occur very fast, so the pull is partially a blind pull. (See ‘ ^ 
2.) Spatial learning will help you hit your marks when you ^^ roU gh 


essarily have time to look at each mark and track the race cai 


the shot at the same time. This is true for studio blocking, a s 


well- 
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The final i ventuality you might face is the zero time setup. There is 
no time for marks, but follow focus is still needed. An experienced 
sports opei .itoi may try, and succeed, at pulling focus. If the operator’s 
no t used to this, he may want you to try. This is flying focus for the 
heuristic guerrilla assistant. He may "show” you a point or two, setting 
lens focus on the collar. With no time to put up a new tape strip, you 
must remember the marks by their distal relations to footage etchings 
on the focus tollai. This ability is also necessary in rain, when damp¬ 
ness makes your locus tape fall off and moisture precludes the use of 
grease pencils. The focus pull becomes very much a speed/timing event, 
i f the operator tries a follow focus once first, watch the general rate of 
his pull. T his will help give you something to start with. This circum¬ 
stance floes occur. He ready for it, always, so come the time, your nerv¬ 
ousness won’t be a complicating factor. Good luck. 

So you’ve gone through the entire slice of documentary shooting. 
From the examples, you can borrow a foundation on which to tailor 
your own guerrilla style, given the need. Do everything as well and as 
carefully as possible. I )o everything as fast as necessary and appropri¬ 
ate. A sense of deve oping speed and precision should be what you take 
away from this section. Break the setup and move on. 


STADIUMS 


Stadium shooting occurs regularly in sports photography. Regular is 
the keyword here. Certain features occur in a regular pattern in stadi¬ 
ums. This symmetry can be used to the focus puller’s advantage in dis¬ 
tance estimation. In football, soccer, and similar sports, hash marks 
occur regularly down the field. In football, we know the field is 100 
yards long. Each hash mark is 10 yards from the next. In baseball, we 
know the bases are set 90 feet apart. I he baseball diamond can be 
thought of as two isosceles triangles. They are joined and share a foni- 
nion base or long side. 

From trigonometry and our earlier treatment of triangles for short 
distance finding, we know the following things: an isosceles triangle 
has two sides of equal length. These two equal sides are perpendicular, 
such that they are joined at right angles to each other. The hypotenuse 
°f the isosceles triangle is found by multiplying the length of one of the 
two equal sides by t.4142 (the square root of 2). 

Truck racing in stadiums finds mud tracks built over a sports field. 
The use of focus arcs finds many focus points with few marks. This 
promotes speed and accuracy. In any arc, any single mark is good for 
£lJ l points on the same arc. See Figure 3-20. For a typical stadium track, 
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you can cover most of the track with only four marks. Here ten differ¬ 
ent object points are focused by only four lens points. 

The point is to think about and use the environment around von as 
it applies to your task. You may use some, all, or none of the examples. 
In my work, 1 run across these specific focus parameters on a regular 
basis. I’ve included them here in this section on field shooting. Take 
away the theory, and the specific applications will make themselves ap¬ 
parent to you. 


DEPTH OF FIELD AND THE LONG-LENS 
FOCUS PULL 


Sports photography in film is very much long-lens photography. This 
means very much long-lens focus pulling. The long-focal-length u n^ 
what gives power, impact, and kinetics. Here is a brief treatment o 
long-lens focus pull in car racing. The lenses discussed are 400ml 11 
100mm. These lenses can take advantage of the special .ippli* j|1 "^ ^ 
depth of field: hyperfocal distance settings. Lenses of any great* 
length offer minimal DOF, even at fair object distances with 
stops like I B or Til. On a 600mm lens, focused to 100 feet at a 1^ | 
of field is less than 12 inches. For these lenses every shot is a sp*- u ralizetl 
The 400mm to 100mm class of lenses can be approached in a gen 
manner. This allows an assistant with some prethought and kn<> 
of the parameters to focus them extremely successfully. 

A special application of depth of field is sports photogi •*[ ' ^ ^ r 
>tis are often at large object distances. This works to your t aV 
member the lens focus/object distance rules (multiplication a " 














171 


On the Road 


(se£ in (-I 1,1 I th 1 Rules of rhumb”). However, to make up for large ob¬ 
ject distances and yield big,” powerful images, and because sports is 
shown on tiny TV screens, longer-focal-length lenses are used. This 
works against you. Remember the focal length rules (multiplication 
and DOF). The inverse square law compares focal length to DOF (see in 
Chapter 4, “Rules of Ihumb”). You may argue that the small screen is 
more forgiving than the big screen, due to image magnification. While 
the big screen may show larger out-of-focus images, its larger circle of 
confusion increases DOF. If you think a small screen and video’s accom¬ 
panying resolution will make focus errors look like anything but 
mush, you’d better go into advertising, preferably print. 

But often in sports you 1 ave another factor working in your favor; 
a good stop ( P8 to T16). Many sporting events arc outdoors and those 
indoors are “lit for television.” This often means a relatively hefty stop. 

Now add to these practical realities a little theory. Let’s apply a little 
of your theoretical understanding of applied depth of field and hyper- 
focal distance. 

In most explanatory situations people start at the beginning, or 
easiest part. I’m going to begin at the end (story of my life), the far end 
of focus, or object distance, which is where focus is the longest. I’m also 
going to start at the far end of focal length. Here focus is the shortest. 
But if we start here, as we go to wider lenses, everything else will take 

care of itself. 

I want you to have an intuitive, descriptive feel for the qualitativee 
aspects of focus. Rather than sets of numbers designating near and far 
limits for various combinations of lens parameters (phew), think of 
this. Visualize focus as a window of depth, or a cloud that grows and 
recedes as you focus the lens collar away (increase lens focus). The cloud 
shrinks and approaches you as you focus the lens collar near (decrease 
lens focus). But once again, to understand the qualitative, we must start 

with the quantitative. 

Let’s start with the 400mm lens. This is in a 35mm format (16mm 
yields greater DOF at all equivalent parameters). So we’re starting with 
conservative! v small DOF. Once again, going from hardest to easiest, as 
does this book. The 400mm is just “wide” enough that, to it, you can ap¬ 
ply some general principles of focus to the camera that just fell off the 

truck. 

On the 400mm lens, there is no reasonably usable hvpertocal setting 
unless you focus the lens at infinity (huge object distance) and set the 
aperture at T45. Hyperfocal near limits still start at thousands of feet in 
fr ont of the camera DPS don’t use T45s (diffraction). Engineers use T45s 
an d only missiles are photographed at such large object distances. A 
frns like the 400inrn gets shot most often outdoors at aperture settings 
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like Tit Let’s say the highest numerical etching for lens f Q 
feet. Set the lens there. At Til, you have a focus window that i!* * S 200 
feet deep. If the sun goes behind the clouds, you lose two ® ° Ver 40 
depth of field is still over 20 feet. Sounds like a lot to you stud ° PS and 
doesn’t it? Hey! Piece o’ cake! A race car goes only about 300 !° SUys > 

But that’s where the Zen part comes in. So let’s get gutsy At C ° nd> 
the image on the 400mm really starts “poppin’” At your hiclu-r ****’ 
ture settings like T22, you’ve still got 20 feet of depth. Cut thTob^ 
distance to 50 feet and you may as well put on a blindfold. 
you’re shooting race cars, you’ve already been run over, or the , 
gone past you. Besides, how many operators do you know that ^ 
hang a frame on something like that? Well, there are guys out theT 
that are approaching this stuff, and doing it, and with even loneer 
lenses. You be one of them. Let’s go to the 300mm. 

On the 300mm lens, hyperfocal distance is approximately 375 f eet 
with the lens focused at infinity and the aperture set at T32. T32 is a 
stop you’ll never use for reasons of diffraction. But if you did and then 
twisted the lens focus to roughly 375 feet, you would get a hyperfocal 
window from 185 feet to infinity. Neat! The point is, if push comes to 
shove, the capability is there. Let’s go to some more conventional set¬ 
tings. Set the lens focus at a hard 200 feet. Using more common T-stops 
of T22, T16, and Til, you’ve got windows of 170 feet, 110 feet, and 75 feet, 
respectively. Back to our race car. You know it’s halved its distance to 
vou in less than 1/3 second (before you can read this). Set the lens at 100 
feet. You can read the guy’s helmet! Even at our largest common stop of 
Til, you’ve still got 20 feet of depth. A race car isn’t 20 feet long, and 
being a Zen assistant, and having passed “Shapes” in kindergarten, you 
should be able to put a car’s 12-foot length into a 20-foot hole. Let’s go 
to 50 feet. We did it with the 400mm. This should be easier. At Gears 
Communications for Toyota Motorsports, we do it all the time. Lets go 
to the 200 mm. This lens should make you begin to feel a little more re 
laxed. Imagine, hyperfocal distance starts at 240 feet, at 1 -2. Set the U n * 
focus to where you think 240 feet is. Focus now starts at 120 feet J' u 
goes to infinity. Even at Til, focus is 200 feet deep. You can lose your 
sun, three stops, and go to a T4, and you’ve still got Ft' eet of depth ; 
sun’s still gone and you’re still racing. You pull to 100 feet. At T4, you ^ 
still got your good old 20 feet. And again, you’re still more apt ^ 
around Til or T22. The sun goes in and out. So set the lens at ^ ^ ^ 
You’ve still got 10 feet. Go to 30 feet. Yeah, you’re pushing it wit 

of focus. But the shots are just terrific. . lS no 

Let’s put the 100mm on. In sports this is often your short® 
hum ...Stay awake, now. Remember, you’re a professions . ^ 38 

the highest numerical etching is 100 feet, locus to infinit} 
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feet. Set it and iorget it. Pull the lens collar down to 30 feet, and at T4 

we’re back to 4 or ■> f< 1 1 of focus. It depends on whose tables you’re us¬ 
ing. Doubler anyone? 

Sports is commonly shot on a 16mm format. The same lens gives ef¬ 
fectively double the focal length while retaining a more forgiving 
depth of held. The cameras are small, rugged, and light. The 10-100mm 
zooms are commonly equipped with “doublers,” and the 300mm primes 
are routinely bumped to 600mm. This renders an image equivalent to 
that thrown by a 1200mm lens in 35mm. The 2x telextender makes for 
a two-stop light loss. In 35mm, lenses irom 600mm up to 1000mm are 
used a lot on car stuif. Telextenders of 15x and 2x are common. 

The point here is that with a little prethought, a general knowl¬ 
edge ot long-lens parameters, and known lighting conditions, there is 
an area on your lens collar that always yields maximum focus. Set it 
there. There’s the theory. Go practice it. 


We have taken our show and put it on the road. We compared shot 
setup to a theoretical locus sequence. Here, each element of preparation 
and execution has been examined and included or deleted, according to 
the shooting environment. 

Techniques to improve speed while maintaining precision and 
safety have been surveyed for use in studio and field, with and without 
the aid of a second assistant cameraman. This includes equipment con¬ 
solidation and camera ergonomics. 

Guerrilla-style shooting, using all the techniques, has been exam¬ 
ined from mark getting to flying focus. A sports scenario serves as a 
jumping-off point for you to get your own ideas for the particular 
shooting situations you may find yourself in. Taking marks from regu¬ 
larly occurring features was discussed as it applies to stadium shooting. 

Finally the long-lens pull, an example. For an “Extreme Assistant,” 
consistently sharp pulls are your signature, but it carries over. 

Consistency is what makes for true excellence. It’s not about being 
great just sometimes, like when the pace is slow and the shooting is 
“textbook.” It never is textbook. The more easily you can adapt to any 
set of circumstances indicates your true potential performance and 
value. That’s what this whole chapter has been about: adaptability. 
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This is a chapter you can get married in—something old, something 
new, etc. It could be called a medical phenomenon. It looks like an ap¬ 
pendix. But it also looks like a chapter. It contains some definitions, for¬ 
mulas, and graphs that are tied to earlier sections in the book. This is 
for quick reference. It is in this part of the book, rather than at the end, 
because some of the technical information is anecdotal. I wanted to tie 
all the technical parts together before going on to more peripheral and 
general shoot-related topics. This chapter contains a little bit of oiten 
argued, but never settled, technical trivia. It outlines one more “in- 
shoot” technique that doesn’t fit anywhere else. It contains instructions 
for setting up your own medium- to long-iange disuiui < -' : ' 1; 1 ' • 1; 
model. I hope you get a lot of use out of it. Better yet, what impeccabil¬ 
ity if you could internalize all that is here. That would make you a re¬ 
ally “nasty” assistant. Is “nasty” Zen? It can be. 


PTICS Te RMS and definitions 

Aberration Monochromatic, five types; chromatic, two types. Aber¬ 
ration is the failure, to varying degrees, of an imaging system to meet 

an y or all three requirements of a perfect lens. 

1 All rays emanating from an object point focus at an image point. 
2. An orthogonal object plane will be identically imaged as an or¬ 
thogonal image plane. 

3* Object shapes and image shapes are identical. Size is of course 
relative; subject to given magnification. 
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Acutance vs Sharpness Acutance refers to the resolution r 
graphic film. It describes the rendering of a sharp edge in th* ^ h ° to ‘ 
graphic record. Acutance is tested in an edge test, wher V J > * loto ‘ 
edge is physically laid against the film. This is notsharpn e & ugk***' 
ness is a term used to describe rendering characteristics of a 1 ^ 

image may have a high resolution (transmitted image) without* 
essarily having high acutance (recorded image). In reverse, acut^*' 
becomes academic. Sharpness is not contrast. UK< 

Aerial Image It is a real image before it is projected onto a surface 
as it is being relayed from one visual system to another. It is bright 
and can be viewed as it exists in space. Natural neuro-perceptual 
processes (visual accommodation) introduce potential error into any 
attempt at using this image for focus. 

The angle to the normal formed by an incident 


Angle of 

ray (see rays). 

Azimuth A horizontal location. In navigation, it is designated in de¬ 
grees and minutes of an arc of the horizon in a specific compass direc¬ 
tion of longitude. In optics, it refers to spatial location along a section 
of horizon. 

Breathing Apparent zoomlike effect in a lens as lens focus is changed. 
This is caused by a minimal change in focal length of the lens. This 
change is caused by moving the focusing element of the lens back¬ 
ward or forward in the helical mount by twisting the focus collar. 
This increases or decreases the distance from the center of the lens to 
the (desired) focal/image point, which changes the focal length and 
in turn changes the magnification. 

Chromatic Aberration (two types) Chromatic aberration can 
present without monochromatic aberrations. An example is t ‘ iat 1 
lens corrected for Seidel aberrations in monochromatic light si 
shows impaired imaging in colored light. There can be interacts 
between Seidel aberrations and chromatic aberrations. 

Sphero-chromatvc aberration (SCA) is the presence of chroma* 11 
ror with spherical aberration. It is the interaction between m° 
chromatic aberration and either of the two types of chroma^ 
aberration. Spherical aberration will determine image heights 
orcd rays and degree of severity of two types of chromatic 
tions. Zooms show increased SCA with increased focal length. 

Longitudinal chromatic aberration (LCA). Image position ^ ^ 
with wavelength. An image changes color longitudinal y- 
disperses collimated white light, forming a primary 
giving primary chromatic error. At the focal plane occu 





pie circles of confusion. They appear as concentric circles in colors 
from blue to red. 

Transverse chromatic aberration (TCA/lateral color). Focal length 
varies with wavelength. All wavelengths focus in the same plane, 
but in any one image plane, different-size color images appear. 
Another name for TCA is helpful: chromatic difference of mag¬ 
nification. Image points appear as spectra radial from the axis. 
TCA is an oblique and asymmetrical aberration. 

Circle of Confusion Object points are imaged by a lens as image cir¬ 
cles (or blur patches), not perfect points. This is due to residual aber¬ 
rational effects. Abet ration is never fully correctable. The circle of 
confusion is a numerical specification of the maximal diametric size 
of an image circle that still appears as an image point as dictated by 
format and projection criteria. In 35mm, COC = .025mm, in 16mm, COC 
= .0125mm. 

Circle of Least Confusion Best focus of a point (to its smallest image 
blur patch) by an astigmatic lens. 

Contrast Contrast is related to a lens’s freedom from flare. A leas of high 
contrast will give a greater impression of sharpness than will a lens of 
lower contrast. But in both cases the image may be equally sharp. 

Critical Angle (of Incidence) The minimum angle of incidence at 
which total internal reflection occurs. This angle is subtended by an 
arc drawn between the normal and an incident light ray. When the 
angle of incidence is less than the critical angle, some light is reflected; 
some is transmitted and refracted (toward the normal). 

As the angle of incidence increases, it approaches the critical angle. 
More light is reflected, some is transmitted, and the angle of refrac¬ 
tion (to the normal) increases. 

When the angle of incidence equals the critical angle (minimum 
angle of incidence for total internal reflection to occur), some light is 
reflected at the boundary (at an angle of 90 degrees to the incident 
ray). The light that is transmitted is refracted at an angle <>t 90 de¬ 
grees (to the normal). This causes the ray to run parallel to the inter¬ 
face surface. This is when total reflection occurs. So... 

Critical angle of incidence is the minimum angle of incidence at 
which the angle of refraction (to the normal) is 90 degrees. 

note: Lens coatings change the refiectance/transmission ratio of glass 
surfaces by altering the angle of incidence. This, of course, alters the 
relationship of the path of an incident lav to the uitual angle. 
These are the basic mechanics ot lens coating funt tion. 

Stacking filters can cause halation and degradation of an image, not 
just by aberration and light vectoring off multiple surfaces. Exposure 
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of uncoated filter surfaces to each other increases potent' 
and reduces light transmission. ia * r °^ectj 0n 

Depth of Focus The distance between the front and rear V 
ceptably sharp image focus. Rays converging to the back-f 11 ^ ° f ac ‘ 
or rays diverging from the front-focus limit are cones of Uniit 
intersections of these cones are circles. The diameters of th * . The 
are less than or equal to the designated size of the circle of ^ Clrcles 
used. A long-focal-length lens has a short depth of field and^f 011 
depth of focus. A short-focal-length lens has a long depth of field ^ 
a short depth of focus. These mechanics are responsible for thed ^ 
ot the telephoto and retrofocus wide-angle lens. 


Entrance Pupil Whatever determines the limit (lens diameter, dia 

phragm, or image o stop [aperture stop]) to light entering a lens svs 
tern. ' . 


Kxit Pupil Determines the limit to light emeiging from the lens sys¬ 
tem. The aperture stop or the image of the aperture stop that is 
formed by the light after it passes through the lens system. 

focal Length The distance from a lens to a point at which rays from 
an infinitely distant object (point) will be brought to (critical) focus 
as an image point (when the lens is focused at infinity). This is usu¬ 
ally measured from the center of a simple lens (the optical center of a 
complex lens). 

In a complex lens, this EFL (equivalent focal length) is the net focal 
length of many elements. It is re erred to simply as focal length. As 
object distance decreases, the focal point (location of' focused image) 
recedes from the center of the lens. 


Focus Marks The geographical designation/location of selected object 
focuses (points); “marks on the floor.” 


Focus Points The designated points o: lens focus for selected object 
focuses (points); “marks on the lens.” 


f-Stop A mathematical ratio of focal length to lens diameter (d ,iV 
phragm, aperture, and/or exit pupil); f-stop = f/d. It describes, as a 
mathematical analogy, a lens’s ability to transmit light according 10 
its dimensions and/or specifications. 


Image Focus Rendering of object points (object focus) into accept^ 
sharp focus as image points at the focal plane. 

Infinity 'Optical) An optical construct. An object is infinitely 
(at infinity) when it is far enough away that the location of ^ >r 
cused image will not change by any measurable amount no 1113 
how much more object distance is increased. 
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I,ens 1 eK ' nin g(.s) or absence of on the focus 

collar of the hel.cal lens mount that corresponds to object distance^). 

A lens d.stance can be selected and set in the absence of any corre¬ 
sponding object distance. Example: hyperfocal distance setting. See 

lens focus. ° 


Lens Focus A lens distance setting (etching or absence of) that 
matches an object distance. When lens distance matches object dis¬ 
tance, focus is achieved at the lens, by the lens. This is lens focus. Syn: 
lens point; lens focus point. 


Monochromatic Aberration (five types) 

Spherical aberration (W„/) Marginal rays from an object are 
brought to closer focus than are paraxial rays. SA is zone depend* 
cnt. SA is not azimuth dependent or field angle dependent. 

Coma (W 13 iBr 3 cos0). Differential refraction at different zones of the 
lens, due to changing angles of incidence. Coma is zone dependent 
and field angle dependent. Coma renders an object point as a tri¬ 
angular image patch of decreasing luminosity. 

Astigmatism (W 232 B 2 r 2 cos 2 0). Of orthogonally oriented planes, the 
meridional (vertical) plane is refracted to a different degree than 
is the sagittal (horizontal) plane. Off-axis points are imaged as el¬ 
lipses, circles, or lines, depending on location of the focal plane. A 
point is imaged as a blur patch (circle of least confusion). The blur 
patch will change shape and orientation as focus is changed. A cy¬ 
lindrical wavefront, emanating from orthogonally oriented 
planes, can be taken in a cross section of rays that is circular. 'I he 
parallel intersection of the plane of this cross section will; the fo¬ 
cal plane at two different distances from the lens gives two linear 
image planes that are oriented in two different directions, accord¬ 
ing to distance of the linear image point from the lens, they are 
perpendicular to each other; one is vertical, the other horizontal. 

Curvature of f eld (W 32 oB 2 r 2 ). More centrally distal points of a flat 
object plane are imaged closer to the lens. A flat surface is imaged 
as a paraboloid shape. This effective focal shift for distally located 
object points gives perfect imagery on a cui \ ed nui face. 

Distortion (W 311 B 3 r cos0) (barrel and pincushion), A transverse fo¬ 
cal shift giving perfect imaging with varying magnification over 
the image. This is optical distortion; a true aberration. It is not to 
be confused with other types of distortion like perspective distor¬ 
tion, geometric distortion, or subject distortion. 

Barrel Distortion . A square grid appears to have a convex 
shape. 

Pincushion Distortion. A square grid appears to have a concave 
shape. 
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Normal 

surface. 


A line segment drawn 


perpendicular to the 



Object Distance The distance of an object in front of the f 0cal 

Object Focus The geographical or spatial location of an obi V ^ 
focused at object distance. Syn: object point; object focus point ^ ** 


Orthogonal The relationship of planes intersecting each 
degree angles. 


° 1h «* at 9o. 


Ra v A straight line representation of radiant energy flow in the fo 
of waves. Direction of travel is perpendicular to the wavefront^ 
light ray may be thought of as a line drawn along the path of a pho 
ton. A light ray in space (vacuum) is a straight line. °* 

Incident Ray. A light ray before and as it is impinging on a lens 
surface and is then refracted or reflected. 

Chief Ray. A ray that passes through the center of an entrance pu¬ 
pil and lies parallel to the central axis of a lens system. It is the 
central ray of a bundle of rays. 

Marginal Kay. A ray from an object point that passes through the 
edge of an aperture stop. 

Paraxial Ray. A ray that travels close along the central axis, as op¬ 
posed to marginal rays that are farther off-axis. 


Real Image An image that can be projected onto a surface. 

Refraction Deviation of speed and angle of travel of a tight ray pass¬ 
ing from one transparent medium into and through another. 

Total Internal Reflection Occurs when a light ray has entered one 
side of a transparent material (refracting medium) and does not come 
out the other side. Instead, the light ray travels in a path parallel to 
the surface and forms an angle of 90 degrees to the normal. Total in¬ 
ternal reflection occurs when the angle of incidence is greater than, 
or equal to, the critical angle of incidence. 

T-Stop (transmission stop) A number that is analogous to an 
Its value represents a measurement of the amount of light actually 
transmitted by a lens. 

Vertex The point opposite to and farthest from the base of a geornet 
rical figure. 

Virtual Image An image formed inside an optical system- It can ^ 
viewed by looking into the forming system. The image can be tIta 
as a virtual object for magnification by other dementi in the uS 
This is how a zoom lens works and why the image does not lose 

throughout the focal range. 
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Vignetting (physical and optical) 

ture stop or image of the anertnr a S in S system, aper- 

obstructions in front of th ™ ^'™'7“ pUpUX ° F 

etc ) e ima S>ng system (matte box, sunshade, 

optical, vjh, lalloff at the edges of thetaage due to image rnagm- 

fication (telextenders, macro lenses, etc .). 8 5 


rules OF thumb 

Circle of Confusion 

Size/Depth of Field A larger circle of confusion means a larger 
depth of field. ‘ 

Size/Hyperfocal Distance (HD) A larger circle of confusion means 
closer hyperfocal distance. 

Size/HD Near Focus Limit Doubling the size of the circle of confu¬ 
sion halves the value of the near focus limit for any given hyperfocal 
setting. 

Format 

HD (35mm) vs HD (16mm) In 35mm, the hyperfocal distance near 
focus limit is one-half the value compared to the 16mm hyperfocal 
distance near focus limit 

DOF (35mm) vs DOF (16mm) At equivalent focal lengths, depth of 
field in 35mm is almost three times DOF in 16mm. At proportionally 
equivalent focal lengths, depth of field in 16mm is over two times the 
size of DOF in 35mm. 

F0Cal Length 

Multiplication and Hyperfocal Distance The factor by which you 
multiply the focal length multiplies the value of the hyperfocal dis¬ 
tance by the square of that factor. 

Multiplication and HO Near Focus Limit (derivative) The factor 
by which you multiply the focal length multiplies the value of the 
Ilear focus limit by the square of that factor. 

Multiplication and Depth of Field (inverse square law) The in- 

v ers<? square law says that depth of field is inversely proportional to 
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focal length {16mm) x factor of 2 = focal length (35mm) 

50mm x2 = x 100 mm 


image area (16mm) 
2 units 


(image area) 2 
(2)* units 


35mm 


image area (35mm) 
4 units 


I - image area 



Figure 4-1. Image area is related equally to format and focal length. 


the square of the focal length. If you multiply focal length by one- 
half, you multiply DOF by the square of the reciprocal. 

Image Area Interaction with Focal Length When focal length is 
changed, image area is proportional to the square of the ratio of new 
focal length to old focal length, multiplied by the unit size of the old 
image area. See Figure 4-1. 


Aperture 

Aperture Interaction with DOr Depth-of-field interval size is mul¬ 
tiplied by the same factor that the value of the T-stop (f-stop) num¬ 
ber is multiplied by. 11 the T-stop number is doubled, the DOF 
interval size is doubled. 

Lens Foeus/Object Distance 

Multiplication and DOF Depth of field is proportional to the square 
of the factor by which lens/focus/object distance is multiplied. Dou* 
bling the object distance and lens focus multiplies the interval size of 
DOF by a factor of four. 


I promised a few handy, and some not so handy, formulas, and y ,Jl1 ^ 
get them. But first, you will need to look at the Metric Conversion Char* 
(see Figure 4-2). It’s useful for converting millimeters to feet. Mod 11 ’ 1 
lenses have their focal lengths described in millimeters, while we thiu 

of depth of field in feet. Remember, there are 1,000 millimeters in a nlt 
ter. See Figure 4-2. 














Feet 

0.083 

1 

3 

16.3 

0.0328 

3.281 

.0032808 


Yards 

0.028 

0.333 

1 

5.5 

0.0109 

1.094 

.0010936 



Metric conversion chart. 


Un 'ts of Length 

Rods Miles 

0.00505 0.000016 

0.0606 0.000189 

0,182 0.000568 

1 0.00313 

0.00199 0.000006 

0.199 0.000621 

.000199 .0000006 


Centimeters 

2.540 

30,480 

91.440 

502.92 

1 

100 

.11 


Meters 

Millimeters 

0.0254 

25.30 

0.3040 

304.66 

0.9144 

914 

5.0292 

50.268.899 

0.01 

10 

1 

1.000 

.001 

1 


The formulas for hyperfocal distance and depth of field areclumsv 
and you'll be best off with a calculator if you should J 

There are also formulas for speed and brightness. They are intended 
more to help you internalize the pertinence of lens dimensions and 
how they relate to light transmission than they are for actual use. For¬ 
mulas for some of the preceding rules can be found here also. 


Hyperfocal Distance 

Hyperfocal distance is the critical lens focus distance set on the lens to 
attain sharp focus, extending from one-half this distance to infinity. It 
is a special case of'depth of field. Depth of field is based on the variable 
hyperfocal distance. The value of this variable is based on focal length, 
aperture, anci circle of confusion. We tend to think in terms of focus 
hinging on object distance and its effect on lens focus. This is very 
much the case with DOF. 

Note that the value of this variable (hyperfocal distance) does not 
fake object distance into consideration. The solution to this equation 
yperfocal distance) provides a critical lens distance value. This value, 
Use d for lens focus, and set on a lens of given focal length and aperture, 
yields a maximum range of object distances rendered in sharp focus. 

Hyperfocal distance formula 

H = FV(fxd) 

H = hyperfocal distance 
F = focal length 

f = f/number of relative aperture (use I -stop) 
d - circle of confusion diameter 









Depth of Field 

Depth of field is the range of acceptably sharp focus in front oi an i 
yond a subject, at a specific object distance, for which critical lensV 
has been set. This range of focus extends one-third of its length in f US 
of the subject. It extends two-thirds of its length beyond the subject^ 
the range of acceptably sharp focus is twice as large behind the suh‘f° 
as it is in front of the subject. Depth of field is a function of hyperfoca] 
distance for a particular focal length lens after that lens has been set at 
a specific lens tocus other than infinity. Before lens focus is set, depth of 
field does not apply. Without a specific critical lens focus, other than 
infinity, only hyperfocal distance can be discussed. Hyperfocal distance 
is completely independent of object distance and lens focus. Without a 
specific critical lens focus, depth of field for any practical purpose does 
not exist. Depth of field applies only to a lens on which a specific lens 
focus has been set. Entering this finite distance into the math using ob¬ 
ject distance values that are less than the value of the hyperfocal dis¬ 
tance setting pulls the depth of field forward from infinity and yields 
a focus range and distance interval of finite length. 


Depth of field formula 

Near limit = H x u/[H - (u - F)] = R 
Far limit = H x u/[H + (u - F)] = S 
DOF Interval Size = T = (T = S - R) 
S = far limit 
R = near limit 
F = focal length 
H = hyperfocal distance 
u = lens focus distance 


Depth of Field (35mm vs. 16mm): Which Is More Forgiving? 

i his question has been argued for as long as there has been light. Heit* 
at last, is the answer and why. Well, the answer is: it depends...al 111 c,st ' 
This is because DOF is a value that depends on the variables of focal 
length, object distance, and hyperfocal distance, and because hypcrf (Ka 
distance depends on the variables of focal length, aperture, and cii 1 b 
confusion. Note the influence of focal length, used twice, and the 1 Ul 
of confusion used in the basic hyperfocal distance equation. 

I he two variables, focal length and hyperfocal distance, becom 1 
weightiest variables in determining the “forgivability” of the two 
mats and their accompanying depth of field. Depth of field, comp a ^ ^ 
for the two formats (16mm and 35mm), fixes the circle of confu- s ' tl11 
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l n will be U**! for ihe forluhe' ‘ 3 “ d ^ f°™ P™jec- 
circlc of conf usion, this leaves focal length S<> ' T? ^ 
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A larger circle °f confusion means a larger DOF. Let's plug some 
values into our formulas. We’ll star, with hyperfocal distance: 


H = F 2 /(f x d) 

H = hyperfocal distance 
F = focal length 
f = aperture 
d = circle of confusion 


Let’s compare the two formats (lGmm vs 35mm). Let’s choose a 
50mm lens at i’4. First, when solving equations, always list vour vari¬ 
ables. 


Format: 16mm (COC = .0125mm) 

F = 50 mm 
f = 4 (T-stop) 
d = ,0125mm 

H = 50 2 mm/(4 x .0125) = 50,000mm 

Convert to meters, then British foot, pound system: 

(50,000mm/1000) x 3.281 feet = 164.05' 

HYPERFOCAL DISTANCE: = 164.05' 

NEAR FOCUS LIMIT = 82.025' 

Now let’s run this hyperfocal distance equati ci * ’5mm. 

Format: 35mm (COC = .025mm) 

F = 50 mm 
1 = 4 (T-stop) 
d = .025mm 

H = 502rnm/(4 x ,025mm) = 25 , 000 mm 

Convert to meters, then British foot/pound system. 

(25,000mm/1000) x 3.281 feet = 82.025' 

HYPERFOCAL DISTANCE = 82.025' 

near focus limit = 41 . 0125 ' 
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Remember our rule of thumb that says doubling the cird 
fusion halves the near focus limit. 


of 
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ce in front 
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So here, 35mm gives focus that extends to half the distan 
of the focal plane that 16mm gives. So we could say that 35mm VH 
forgiving than 16mm. Surprised? Well, a lot of DPs grumble. “Hint''* 
you worked in ‘35,’ kid? Focus is a lot harder. Heh, heh...”(s< 1 1 
chuckle here). Hey! Piece o’ cake! 

But there’s more to the story. It’s tied up in the phrase, “Same 
size, same depth of field." This phrase applies “in format.” It’s usedon 
sets where you obviously aren’t switching formats to manipulate im¬ 
age size and depth of field. However, across the two formats, negative 
size is different and so is proportional image size. This is why circle of 
confusion is basically fixed by the format. Now what is image size ma¬ 
nipulated by? The only remaining variable: focal length. Image size can 
be changed by changing object distance, but we will leave it for sim¬ 
plicity of argument. Also changing object distance changes composi¬ 
tion, and no director’s going to stand for it—having you mess with his 
palette. 

So let’s plug our hyperfocal distance numbers into the DOF equa¬ 
tions. We need an object distance value for “u.” Let’s choose 50 feet. 


Format: 16mm (COC — .01 -.linni ) 

F = 50mm (.16405') 

H = 164.05 feet 
u = 50 feet 

f = 4 (T-stop) NA (does not apply) 

Depth of field: 

Near limit = H x u/[H + (u - f)] 

Far limit - H x u/[H - (u - 0] 

Substituting our values: 


Format 16mm (COC .0125ntm) 

(all values converted to British) 


Near limit: 

164.05' x 507(164.05' + (50' - .16405')] = 38.349877' 
3B.349877' = 38'4" (approx.) 


rar limit: 

164.05' x 507(164.05' - (50' - .16405')] = 71.81690H' 
71.816908' = 71'10" (approx.) 
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DOF RANGE: 38'4" to 71'10" 
DOF INTERVAL SIZE: 33'5" 


Format 35mm (COC .025mm) 

(all values converted to British) 

F = 50mm (.16405') 

H = 82.025' 
u = 50' 

f = 4 (T-stop) NA 

Depth of field: 

Near limit: 

82.025' x 50'/[82.025' + (50' - .16405')] = 3L102839' 

31.102839' = 31T" (approx.) 

Far limit: 

82.025 x 50 /[82.025 - (50' — ,16405')] - 127.41134' 

127.41134' = 127'5" (approx.) 

DOF RANGE: 31T to 127'5" 

INTERVAL SIZE = 96'4" (T = S - R) 

Depth of field in 16mm is 35 percent the size of DOF in 35mm. The 
interval size in 35mm is 288 percent the size of the DOF interval in 
16mm. Depth of field interval size in 16mm is 188 percent larger in 
35mm compared to 16mm. So 35mm is more forgiving with a larger 
dept I of field, right? W rong! Or, at least, not necessarily. 

Image size is the key. The proportional relationship of image size to 
legative size that occurs across the two formats, 35mm and 16mm, is 
the consideration used in focal length choice. The picture area of 35mm 
negative is four times that of 16mm negative. To achieve an image size 
in 35mm that covers a picture area equivalent to that covered in 16mm, 
a focal length multiplied by a factor of two is chosen. 

Remember, image magnification is a “square” relationship. The area 
covered by a lens twice as long is four times as large. See Figure 4-1. 
This means that in 35mm (format), a 100mm lens is chosen to do the 
a 50mm lens can do in 16mm (format). Entering this new focal 
length value into the hyperfocal distance and depth of field formulas 
changes the numbers achieved dramatically. 

Let’s compare the DOF for the two formats using focal lengths for 
e,il h that yield proportionally equivalent image sizes. 

vv e’ll use a 100mm lens in 35inm (format) and a 50mm lens in 16mm 

(format). 
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Hvperfocal distance 
Format: 35mm (COC = .025mm) 

F * lOOmm 
f = 4 (T-stop) 
d = ,025mm 

H = 100 2 mm/(4 x .025mm) = 100,000mm 
Convert to meters, then British foot/pound system: 
(100,000mm/1000) x 3.281 (feet) = 3281" 
HYPERFOCAL DISTANCE = 328.1T" 

NEAR FOCUS LIMIT = 164'Vsf 


Using twice the focal length gives us a near focus limit four times as 
far away. Focus has gotten smaller. Remember, this is a hyperfoc.il 
range from 164'Vfe" to infinity. 

At h vperfocal settings, both interval size and range size are of infi¬ 
nite length. So if focus has gotten smaller, this means it is possible for 
infinity to come in different sizes. Think about it. Also, see the “Rules of 
Thumb” derivative for focal length multiplication and HD near focus 
limit. 

Now, given a new hyperfocal distance value, let's run our DOF for¬ 
mula for a 100mm lens in 35mm (format). 


Depth of field 

Format 35mm (COC = .025mm) 
(all values converted to British) 
H = 32B.1T" 
u = 50’ 

F = 100mm (.320T) 

Near limit: 


328' x 507[328' + (50' - .3281')] = 43.423934' 
43.423934' = 43's" (approx.) 

Far limit: 

328' x 50'/l328' - (50' - .3281')] = 58.923263' 
58.923263' = 58T1" 


DOF RANGE: 43'5" * 58T1" 

DOF INTERVAL SIZE: 15'6" (T * S - R) 


Depth of field (interval size) size in 16mm is now over 215 } 

the size of DOF (interval size) in 35mm. The DOF (interval s ’ z ^ 
35mm is 46 percent the size of DOF (interval size) in 16mm. 

Field (interval size) is 115 percent larger in 16mm than it is 111 
My, how things change 


This effect is largely due to the increased value of H in 


the 
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format (at equal focal lengths [50mm]). In 35mm, at an equal focal 
length, the larger circle of confusion in the denominator makes H a 
smaller number. H is a ratio of focal length to apn tun- multiplier! by 
circle of confusion. To this end, note also that if we stop down, which 
increases the value of f (aperture), the denominator grows larger still. H 
becomes smaller. The near limit focus value becomes smaller. Review 
how reduced aperture openings restrict the size of the cone-shaped pat¬ 
terns of light rays and in turn the number of light rays that will pass 
the exit pupil to go on to form an image. Increasing the aperture value 
accomplishes this mathematically” (decreasing the value of H) in the 
same way that an inti cased circle of confusion does. The number in the 
denominator becomes larger, which makes the ratio smaller, which 
makes H smaller. However, it accomplishes the same end (decreasing H 
and increasing DOF range and interval size) physically/mechanically, 
in an opposite or complementary way. A larger COC criterion allows 
for object points to be imaged as larger blur circles that are still accept¬ 
able. A larger f value (smaller aperture) restricts the acceptable admit¬ 
tance angle of rays emanating from an object point. Admissibility of 
imaging rays to the system and through the exit pupil is limited more 
closely to those that are traveling at angles that converge and diverge 
within allowable COC tolerance limits. 

When focal length is doubled (35mm format), the value of H (35mm 
format) is increased. It is quadrupled because we are quadrupling the 
numerator. Doubling the focal length is what we do in 35mm to 
achieve equivalent image size. Remember, in the formula for HD focal 
length is squared. Remember the relationship of image area to focal 
length. Multiplying focal length squares the image area: xF = (xl) 2 . Now 
take H and plug it into the DOF formulas. In the near limit equation, it 
gives a numerator four times the size: H x u = 16,400' (H = 328.1'), com¬ 
pared to H x u = 4,10125' (H = 82.025') (comparing a 100mm lens to a 

50mm lens). 

The denominator is increased less drastically, by less than three 
times. This is because here we are adding and subttacting, not multi 
plying and squaring. So the larger increase, or stronger effect, is in the 
numerator. This makes the near limit ratio laiger. This effect on the de¬ 
nominator is augmented by F (which is doubled in 35mm) being placed 
in the denominator, further decreasing the value of the number. This 
contributes to making the equation even more a top heavy." This makes 
the near limit solution a larger number, which pushes focus farther 
away from you. 

in the far limit equation, again the numerator is increased four 
times, by using the new, “beefier" value of H. Due to subtraction, used 
*n the denominator, the effect on the denominator is much greater. The 
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reversed sign in front of the parentheses decreases the denom* 
much more here than in the near limit equation. This makes ' lt0r 
nominator much smaller. This makes the ratio larger (compared to ^ 
near limit value) and yields the greater far limit value (compared ^ 
near limit value). H is enough larger here (32&T vs 82,025') that wh i° 
the numerator is increased four times (16,400' vs 4,101.25'), the denom/ 
nator is increased over eight times (278.3' vs 32.2'), as the strong effect of 
a large H is combined with the reducing power of the reversed sign in 
front of the parentheses. This reduces the value of the far limit ratio 
greatly, which gives a much smaller solution. This pulls the far f oclB 
limit toward the film plane. The increased value of F in the denomina¬ 
tor here shows no significant supplemental effect. 

So at equivalent focal lengths, across the two formats (16mm vs 
35mm), depth of field is larger in 35mm (almost three times). At compa¬ 
rable focal lengths, across the two formats (16mm vs 35mm), depth of 
field is larger in 16mm (over two times). The variation is due chiefly to 
focal length, which determines image magnification. 

So now that you know the definitive answer, we’ll conclude the 
section with a bit of trivia. 


Q* When does decreased lens focus distance create increased depth of 
field? 

A: When lens distance is decreased from infinity to a hyperfocal set¬ 
ting. 


FORMULAS 


I'm reintroducing this section because of the need to place the depth-of 
field argument near its treatment as a formula and now there is a need 
to return from that necessary digression to formulas dealing 
other lens parameters. 

The next formulas show the relationship between the depth o- 
field and a lens’s ability to transmit light. Transmission perform- 1 - 1 '' 
varies according to its dimensional ratio of focal length and iliamt feI 
(of aperture, and/or entrance pupil and/or exit pupil). 

Relative brightness and/or speed of a fixed aperture lens is a h 11 ’ 
tion of focal length. Brightness is determined as the diameter of a 
(aperture) is divided by the focal length. The reciprocal of the _ 

ship of the two yields whole numbers called f-numbers. These d* l ) s ^ 
use T-stops, a more accurate measure. See T-stops in the section u Op 1 
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and Speed of a Lens and DOF 


Brightness Formula 

Brightness = (diameter of lensMfocal length of lens) 2 

Modern leases contain a variable diaphragm. The aperture this 
ates acts as an entrance pupil. So... 


ere- 


Brightness = (d ( )7F 2 

d e = diameter of entrance pupil 
F = focal length 


The reciprocal of this yields whole-number f-stops. The f-stop rep¬ 
resents the speed of a lens. So... 


Speed = l/(d c ) 2 /F 2 = F 2 /(d,.f = f-stop 


Mechanics of Aperture and DOF 

Wc know that different focal lengths create different depth-of-field 
ranges and interval sizes. We also know that different aperture settings 
create different depth-of-field sizes. This is why... 

Different-focal-length lenses create different depth-of-field sizes 
partly because different focal lengths dictate different aperture sizes. 

I he f-stop or T-stop number is a relative value for a relative aperture 
size i remember the ratio), so the numerical value designation (T8, T4, 
T2.8, etc.) stays the same. The keyword is relative. The key concept is 
relative aperture size. Actual aperture size is dictated by the aperture 

size that is relative to a particular focal length. 

Aperture size determines the convergence angles of rays emanating 
from a point that are admitted to pass through the lens systt m and on 
to focus (forming an image) in front, at, or behind the film plane. It tin- 
convergence angles are small enough to allow rays to pass through the 
aperture, the cones of light that the ray bundles form approach sizes 
that are equal in size to, or smaller than, the designated cir cle-of-t onfu- 
sion size. This is such that the intersection of the film plane with these 
c °nes before (critical focus behind film plane) or after (critical focus in 
front of the film plane) their focal points creates image circles small 
enough to appear as points. These image circles are considered accept- 

a bly sharp. Sec Figure 2-1. 

Now why do different-focal-length lenses have different aperture 
that are designated by the same f-stop/T-stop value? This is why: 
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f= F/d 


And this is why: 
A = Jir 2 


Remember that an f-stop number represents a ratio of focal 
to aperture diameter. Because of this relationship, a larger focal-length 
value dictates a larger aperture diameter, to maintain the same ratio 
Let’s take an example. 

If an aperture measures 50mm, and a lens has a focal length of 
100mm, what is the speed of this lens? 


f = 2 


Because... 


f = F/d e = 100/50 = 2 

On a lens of smaller focal length, the aperture is accordingly 
smaller to maintain the same relationship. See Figure 4-3. 

So... if we decrease focal length to 50mm, what must the diameter 
be to maintain a relative aperture value of f2? 

d f = 25mm 


Because... 

50/d ( . = f2, and 2(d t .) = 50, and d e = 50/2 = 25mm. And remember a 
smaller aperture creates greater depth of field, due to its interaction 
with emanating rays, allowing those with more narrow convergent* 
angles to pass through the system and on to form an image. See Hg u11 

1-4. 

Although the apertures in the two examples are each a different ac 
tual size, they are both the same relative size. The images they transmit 
are equally bright. The aperture diameter for the 100mm lens is f " u 
as large because of our second relationship: 


A = nr 2 


This is the formula for the area of a circle, and a circle deserf^^ 
aperture. Remember, a lens of twice the focal length projects an 

over four times the area, compared to its shorter-focal-length t0 ^ use 
part. See Figure 4-4. So if we let r = the radius of our a]"' 1 11111 
our area formula, we have... 
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100 mm lens: 

r = 25mm 
ji = 3.14 
A = 3.14 (25f 

A = 1,962.5mm (100mm lens) 

200mm lens: 
r = 50mm 
n = 3.14 
A = 3.14 (50) 2 

A = 7850mm (200mm lens) 

The area of our 200mm lens’s aperture is 7,850mm. This value is 
four times that of 1,962.5mm, the aperture area of our 100mm lens. 


speed = (d e )V(F) 2 , f#s = 1/speed = l/(d e )/(F) 2 
f=(F) 2 /(d e ) 2 

f#s or T-stops are the reciprocal of this, to obtain a whole number. 
f#s or T-stops of different-focal-length lenses are the proportional 
ratios of focal length to lens diameter. 

Now, take a mathematical look at image area. 


Image Area Formula 

Image Area = I 2 = (F^Fj) 2 x 
I - image area 
F = focal length 

Let’s list our variables, using the 100mm lens anti the 200 mm le ns 
from the above example. 

h = 1,962.5 (100mm lens) 

1 2 = 7,850 (200inm lens) 

F| = 100mm 
F 2 = 200mm 

Substituting our values into the formula for image area, w ( 


7,850 = (200/100J 2 x 1,062.5 is the same as: 
7,850/1,962.5 = (200/100 Y is the same as: 
1,850/13625 = = 4 


j 



r 
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Substituting bat k in oui variables for diameter values, we have: 


I /jj = 4 is the same as: 

41, = h is the sa,m * as: 

I t = V4 h 


gee how image-area size, aperture dimension, focal length, and 
depth of field all relate. In the above example, doubling our focal 
length ( 100 mm to 200mm) has increased image area to four times its 
original size. Doubling the focal length increased aperture diameter 
four times. Depth of Field has decreased to one-quarter its original size. 
So increasing aperture size four times has decreased depth of field four 
times. Normally, increasing aperture size four times would mean de¬ 
creasing the value of the T-stop two times. We know that halving this 
value halves DOF, This time increasing aperture size to one that would 
correspond to a halving of the T-stop value (keeping the same tens) de¬ 
creases DOF four times. This is because of our increase in focal length 
two times. This shows that aperture size change is not exerting the sole 
effect on DOF. But at the same time, you can also see that a longer-focal- 
length lens’s necessarily larger aperture reduces DOF. 

Focal length may seem to affect depth of Field only indirectly. 
While it’s true that apertures of varying diameter restrict entrance 
only to rays traveling along certain convergence angles, focal length, 
independent of the ef fect of aperture, determines convergence angles in 
the first place. 


( PANICS of focal length AND DOF 

Focal length determines convergence angles and rays. Designated lens 
focal length is the distance from the center of a lens to the point u here 
an image point comes to critical focus as an image point when the Iciin 
is focused at infinity. But, images come into acceptably shat p focus at a 
certain distance in front of and behind this point. The distanct hr tween 
these front and back (acceptably sharp) focus points is uilUrl depth of 
focus. Short-focal-length “fast” (large-maximum-aperture) lenses have 

short depth of focus. 

That long-focal-length lenses have long depth of focus compared to 
sh ort lenses is misleading. Depth of focus is aperture dependent. Depth 
of f ocus is independent of F if lenses are at same value N = f/D, where N 
ls relative aperture, F is focal length, and D is diameter of entrance pu- 
Pn. Here, depth of focus is the product of N x COC (circle of confusion). 
Minimum depth of focus is larger in the long-focal-length lenses be- 
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cause their maximum aperture is larger. But, when compared to 
length, depth of field in the longer lens may be considered 
small because the “side of the barn" it presents to bundles of conver' 
refracted rays is at a greater distance and is thus relatively (arm;, 
smaller. • 1 

For objects in front of the lens to fall inside depth of 
space), the rays emanating from them must diverge within a lim- * 
range of angles to be properly refracted by the lens such that they 
converge within a limited range of angles and fall within the front and 
back limits of depth of focus (image space). When depth of focus is 
long, a larger range of angles of converging rays will focus to a point 
somewhere along a line drawn between the front and rear limits of 
depth of locus. Depth of focus is trigonometrically larger in shorter fo¬ 
cal length lenses. 

Long focal length lenses have short depth of field because of size 
and rate of size change of the vertical angle formed between the lens 
plane and the refracted converging ray. Converging ray paths “sweep" 
through depth of focus limits much more quickly in longer-focal- 
length lenses. 

Returning to the “broad side of a barn” analogy, depth of focus is 
like trying to hit the broad side of a barn while swinging a rifle barrel 
through an arc and firing at regular intervals. The longer the lens, the 
farther away the barn is, and the faster you swing the rifle barrel 
through a larger arc. 

The vertical angle is larger in longer-focal-length lenses. Depth of 
focus occupies a smaller percentage of the vertical angle’s usable arc. 

The size of the vertical angle changes faster with incremental 
change in object distance, so converging rays sweep through ; 
focus limits more quickly over less change in object distance. 

Because in a long-focal-length lens the vertical angle is larger, image 
distance (point of focusing ray) is greater, and it changes faster. 
compounded by the speed of image distance change by more object 
tance sensitive vertical angles in the longer-focal-length lens. 
point of the con verging focusing ray (image distance) spends 1<-> S 
inside depth-of-focus limits. 

vertical angle (50mm) is greater than vertical angle ( 12 . 5 mm) 
(angle change/OD) x [50mm] = 4.0231578 x (angle change) [12- m 
u[50mmj = approx. 16.8(utl2.5mm]) 




to 


Size, rate of angle change/OD change, anti image distance * jjjp of 
three properties of the vertical angle that determine the relatioi ^ 
focal length to depth of focus and depth of field. These are two 
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tial properties of the vertical angle and a cotangential property of the 
vertical angle. This third property drives the first two, which in a cir¬ 
cular manner drive the third, which again drives the first two in a 
constant relationship. See Figure 1-3, 

Depth of field is inversely proportional to focal length. Depth of 
field is less in a long-focal-length lens and greater in a short-focal- 
length lens fc» thiee jn imary reasons that are found in the three trigo¬ 
nometric properties of the vertical angle. 

Because (he amount of deviation of the converging ray after refrac¬ 
tion (image space) of diverging incident ray (object space), which trans¬ 
lates into vertical angle size, the internal vertical angle formed between 
the refracted converging ray and the lens plane is greater in a long-fo¬ 
cal-length lens. 

The amount of angular change of the vertical angle varies with fo¬ 
cal length and inversely with object distance. This is geometrical in na¬ 
ture. There is a greater rate of change in the internal vertical angle 
(formed between the lens plane and the path of the refracted converg¬ 
ing ray) in a longer-focaMcngth lens. This rate of change accelerates 
and decelerates at a greater rate in a longcr-focal-length lens, with in¬ 
cremental change in object distance. 

The larger vertical angle drives image distance change at a greater 
rate in the longer-focal-length lens, compared to the smaller vertical 
angle in the shorter-focal-length lens. These three reasons cause an ac¬ 
celerating increase and decelerating decrease in image focal distance. 

This is how lenses of different focal lengths create different depths 
of field. See Figure 1-3. Now on to some lighter stuff. Is lighter faster? 
What about the speed of the human eye? 


Infinity 



WEED OF THE HUMAN EYE 

The eye has been analogized to a camera lens/ film s\stem. Tin tv\ o art 
more different than alike. We’re not here for a physiology lesson, but 
how about some minor physio-mechanics? The eye has two lenses. Ab 
erration is minimized by the shape of its lens, which tends to ovoid, 
rather than the lens’s spherical shape, and by the curvature of the ret¬ 
ina onto which the lens projects. Of the eye’s two lenses, the cornea has 
a focal length of lBmm. Minimum focus distance is 250mm. Ih tu een the 
lenses is an aperture stop, or diaphragm, called the ii is. Its Uh ate>n 
between the two lenses corrects for positive and negative transverse 
image magnification (barrel distortion and pincushion distortion). The 
aperture itself is called the pupil. The pupil can vary from 2mm to 
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8mm in diameter. So if we use our formula for speed and 
variables, listing formula and values first, we have: 



Speed = l/(d,,/F) = F/d f 
dp = 2mm to 8mm 
F = 16mm 
And if Speed = f# 
Then f# = 16/8 to 16/2 
f# varies from f2 to fB 


This is a range of five stops, or a light intensity ratio of 16 to l 


f2 = 2° (2° = 1 or no stop[change]; the same stop[itself] f2) 
2° x 2 = 2 1 = f2.B (two stops) 

2* x 2 = 2 2 = f4 (three stops) 

2 2 x 2 = 2 3 = f5.6 (four stops) 

2 3 x 2 = 2* - fB (five stops) 


fB = 2 4 a 16 


The light intensity requiring a pupil diameter of fB is sixteen times 
the light intensity requiring a pupil diameter of f2. 


fB = 2 4 = 16 vs f2 = 2° = 1 
Light intensity ratio = 16:1 


ASSISTED OPERATOR SIGHTING ON A LONG LENS 

1 he relatively small angle of view of extremely long lenses makes in 
itial sighting of distant objects difficult. It's like walking around a' 
night with a pin-beam flashlight while searching for your subject. * ou 
can go right by it in the dark many times before your tiny cone of' 1 
sion happens onto it. With a long lens, and execs, clients, and cu* 
standing by, sighting can take noticeably too much time. And it LtiI1 a l 
pear noticeably awkward. An assistant can reduce this process to 
moves: one pan, one tilt. . . 

First, rough focus the lens. If you think the operator has the o 
sighted, use a heuristic pull. It’s faster than the long-distance estim j ■- 
technique. Also, your object may be out of range for that techn 
This focus docs two things in two ways. It focuses the lens 
mately, and at the same time, pulling to the “long” end of l ens , ^apt 
maximizes depth of Held. An object in focus is easier to spot aiv ^ 
to be swept by if the operator insists on “fishing for it.” ^ oU 
the net (DOI) bigger and the mesh smaller (greater obj 11 * 
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through focus). These factors aid in sighting. You can too. You can lead 
the operator dnectly to the object. Here’s how. 

Establish the object’s azimuth (horizontal position) first. This is its 
lateral direction and position along a horizon that has not yet been de¬ 
termined. This is done first because the available range of search (pan¬ 
ning) is theoretically a circle. It is much greater than the range of tilt, 
which is a section of an arc, most probably subtending an angle of 60 
degrees or less. Because of this relationship, once the horizontal position 
is found, the likelihood of losing that is reduced because the available 
range of spat e to be searched vertically is much smaller. So the second 
operation is shorter and the time allowing for potential error is 
shorter. 

To find azimuth, sight over the top of the lens along the axis. Imag¬ 
ine a line along this axis projecting through the center ot the lens to in¬ 
finity. Indicate to the operator whether to pan left or right. When this 
imaginary axial projection intersects the vertical axis of the object, say 
“Stop!” You are looking down the .axis of the lens toward the object. You 
probably see the object. The operator probably sees nothing. 

Next find the vertical location. This establishes the latitude or ele¬ 
vation of the horizontal plane as it intersects the object. Sight along the 
side of the lens barrel, again down the projected axis line extending to 
infinity. Indicate to the operator whether to tilt up or down until our 
imaginary axial projection intersects the horizontal axis ot the object. 
Say “Stop!” You are looking at the object. The operator is looking at the 
object. Adjust focus or repull it. By now, your brain has made a few 
corrections on its last solution and focus will be better this time. It will 
probably still be rough, but often this second focus will come vn \ 
close to being very sharp. Why? They haven t figured that one out \ et. 


l °NG-DISTANCE estimation model 

Theor y Of Model 


A selected distance is sighted by a vertex angle that is subtracted from 
90 degrees to give an angular difference from 90 degrees. This is ex 
pressed as a percent of 10 degrees, which is the angular span of the fist. 
** is expressed as the same percent of the fist dimension. This gives the 
‘stance down from the top of the fist, where sight lines will intersect 

as they project out to selected distances. 

T he theory of this model is borrowed from trigonometry. Selected 
Ver tex angles, which determine projections of sight lines to selected dis- 
ta ne es , are found with the use of simple trigonometric functions along 
^ith the basic trigonometric tables. 
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SELECTED DISTANCE (SD) is located by intersection of the 
by sight lines. Selected distances estimated by this model are ,, ^‘ ° u nd 
150', 100', 75', and 50'. ‘ 1 300 '» 2 00', 

SIGHT LINES are projected (to selected distances) along selected 
tex angles. 

SELECTED VERTEX ANGLES are found by using the natural 
gent function. Correct selected vertex angles are confirmed by the ■ 
tersection of sight lines (projected along selected vertex angles) with th 
vertical axis of the fist (held level at arm’s length) at selected vertical 
distances. 

VERTICAL DISTANCES represent percentages of the vertical axis, 
They are located along the vertical axis. They are intersection points of 
the vertical axis with sight lines projected along selected vertex angles 
They locate where sight lines cross landmarks on the fist. 

VERTICAL AXIS represents the dimension of the fist. It has a finite 
length of approximately 5 inches. The vertical axis subtends an angle of 
approximately 10 degrees (fist held at arm’s length). 

90° SIGHTS INFINITY, and a sight line, projected at this vertex angle, 
intersects the vertical axis of the fist at 0 inches vertical distance. This is 
0 percent of 10 degrees. This is 0 degrees of angular difference. 

ANGULAR DIFFERENCE represents the difference between a 90-dc- 
gree vertex angle and the value of the selected vertex angle that, at a 
chosen eye height, will project a sight ine to a selected distance. This 
difference, or result of the subtraction, can be expressed as a percent of 
10 degrees. This percent of 10 degrees equals the percent of 100 percent 
of the vertical distance (entire 1st dimension), which is also 100 percent 
of the vertical axis. This percent locates a vertical distance along ihi 
vertical axis where a sight line intersects the vertical axis. The 
line is projected along a vertex angle that, when subtracted from 90 
grees, gives an angular difference. The projected sight line, as it in ,Lr 
sects with the ground, locates a selected distance. 

This is how to make your own distance estimating model, m 
in how it works is the necessity for it to be tailored to the var * a * i]U15 t 
your own body dimensions. This is for distances of 300' to 50. Y° u ^ 
create a model of a triangle with a base (b) 300' long. The base 
marked at 200', then 150', then 100', then 75', and then 50'. The heig 
of the triangle will correspond to the user’s eye height. 

Terms and Definitions 

j . disc uSS * ()l1 

Here are some terms and definitions that will be used in 
of the model. They make for quicker reference than extrac t 
meaning from other parts of the text. 









VERTEX ANGLE: Sighting angle. 

SIGHTING ANGLE (SA* Vertex angle 

ANGULAR SPAN (deg) (AST: The number of degree, .ubtended 
by a fist held level at arm’s length. 


VERTICAL SPAN (unit): Vertical ax.s. The distance subtended by 
the fist held level at arm’s length. 

VERTICAL AXIS (VA* A line drawn vertically through the fist 
(oriented vertically) at its widest point. The endpoints of this 
axis are at the top and bottom of the fist at its widest point. 

VERTICAL DISTANCE (VD> Location, bv units, of sight line inter¬ 
section points. A specified distance along the vertii al .t -:is. 

VER riCAL AXIS PERCENI AGE (VA%* A percent of the vertical 


axis. 


ANGULAR 1)111LRENCE (AD): Sighting angle (vertex angle) sub¬ 
tracted from 90 degrees. 

ANGULAR DIFFERENCE SPAN PERCEN1AGL: Angular difference 
expressed as a percent of 10 degrees. 


Model Formulas 

AIJ = 90“ - SA (angular difference is found by subtracting the 
sighting angle from 90 degrees) 

VA% = AD/AS (vertical angle percentage is found by dividing an¬ 
gular difference by angular span) 

VD = (AI)/AS) x VA = VA% x VA (vertical distance is found by 
multiplying vertical axis percentage by the vertical axis) 

This model allows medium to long-range distance estimating by 
creating imaginary triangles in space. The height of the triangle is de¬ 
termined by one’s own eve height. The base of the triangle is deter¬ 
mined by the selected distance chosen for estimation. I he third leg (c = 
hypotenuse) of the triangle can Ik* merely laid in, point to point, be¬ 
tween the endpoints of the base and height of the triangle. Its distance 
is actually found by using the Pythagorean theorem. It is almost aca¬ 
demic. The first and second legs of the triangle can lx- used to find the 
vertex angle (theta or angle b). This is done by working backward 
through the trigonometric tables for natural tangents. (These tables can 
b ( found in the appendix at the end of 1111 s book.) See figure 4-4. Ihese 
a ^ u es for vertex angle tln't.i (b). corresponding to distances 300* to 50, 
w »ll give angles of less than 90* for sight lines projected to selected dis- 
ance &. The difference between these angles (in degrees), which sight li- 
nite distances (300' to 50'), and the angle of 90' (which sights infinity) 
1 bt expressed as percentages of 10* (VA%= AD/AS). This is the angle 
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subtended by a human’s list held at arm’s length (angular span) 
ing a fist level to the eye height and sighting across the top t)1 
sights infinity. Sighting down from this point projects sight lines * ^ 
ing the vertical axis of the fist. Using the percentages of lO” as p ei T^ 
of the dimension of the vertical axis of the fist gives vertical dist tS 
down from the top of the fist’s vertical axis (VD) that these sight lin? 
must cross as they project to selected distances 300' to 50'. By not - 
landmarks on the fist, where these sight lines cross, you can use y 0U r 
body to estimate long distances with great accuracy. After a while y 0Ur 
brain, by cybernetic learning, will allow you to skip this technique 
Your brain will just know it’s looking at certain selected long distances! 

Draw Your Body Dimensional Triangle 

First measure your eye height carefully. This will be the value for the 
(a) leg, or height of the triangle with a base that is 300' in length. Draw 
this triangle; it helps. See Figure 4-4. You have substituted your eye 
height for a = 6' in this figure. Use the Pythagorean theorem to find the 
hypotenuse (c). This is optional, but it’s more complete. 

Pythagorean Theorem 

The square of the hypotenuse is equal to the sum of the squares of the 
remaining two sides. 

c z = a 2 + b 2 


Zb= ^THETA=88*48 



Figure* 4-4. Human s eye height forms vertical leg of triangle with a 300' base. 
Pythagorean theorem: 
c 2 = a 2 + b 2 

e Mftt’+ooo) 1 
C 2 = 80,036 
c = >190,036 
c = 300.05999 

tan Zb = OPP/ADJ = 300/6 = 50.00 
In the trig table, we find 47.74. 

tan 50 (47.74 from trig table) = BO 40''-sights 300", etc. 















go listing and substituting our variables, we have: 

c = hypotenuse 
a = 6' (eye height) 
b = 300' (sighted distance) 
c 2 = (O') 2 + C 300 ) 2 
c z - 36' + 90,000' 
c 2 - 90,036' 
c = 90,036'V 
c = 300.05999' 

Finish labeling your triangle with distance values and label vertex 
angle (b). 

Angle (b) opens from leg (a) a certain number of degrees that is less 
than 90”. A distance of 300' is subtended by angle (b). There are other 
smaller vertex angles that subtend lesser distances of 200', 150', 100', 75', 

and 50'. 


Find Lesser Vertex Angles/Sighting Angles 
(trigonometric functions) 

Our next task is to find these lesser vertex angles. They can be found 
with “trig” functions. These functions are ratios of two legs of a trian¬ 
gle. The value of the ratio determines and or is determined by the an¬ 
gle opened up by the two legs. To take a short cut, we’ll use the tangent 
function. This is the ratio of the side opposite (desired angle) to the side 
adjacent (desired angle). We want to find the value (in degrees) of angle 
(b). It is the vertex angle of the triangle. It is the angle opposite base leg 
(b). So... 

tan = opp/adIj and... 
b = opposite leg (base) = 300' 
a = adjacent leg (height) = 6' 


We have: 


tan zb = 300/6 

tan zb = 50 

hook up 50 in the trig tables under natural tangents. Finding SO and 
'Tatling across the angle column for whole degrees and up tor minutes, 

find: 


^b = > 4H » 
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This is the value (88’ 48') of the vertex angle of a right tria 
a base of300' (selected distance) and a height of 6' (eye height) 1 ^ Wi,tl 
stand on the earth and look out at an angle of 88" 48', you are In V ^° u 
a spot on the ground that is 300' away from where you are standi 
Our next distance is 200'. We want to find the value of tv, ^ 
angle, at eye height, that subtends a distance of 200'. Using the t „ X 
function, we have: li " <111 


b = opposite leg (base) = 2(H)' 
a = adjacent leg (height) = 6 
tan Zb = 20076' 
tan Zb - 33.33 


Looking up 33.33 in the trig tables for natural tangents (across for 
degrees, up for minutes), we get: 

Zb = 88" 12' 


From an eye height of 6', looking out at an angle of 88" 12', you are 
projecting a sight line to a spot on the ground 200' away. 

Our next distance is 150'. The value of the vertex angle at our cho¬ 
sen eye height, subtending a distance of 150', is found again with the 
tangent function. 

b = opposite leg (base) = 150' 
a = adjacent leg (height) = 6' 
tan Zb = 150/6 
tan Zb = 25 

Look up 25 in the trig tables for natural tangents (across for 
grees; up for minutes). 

Zb = 87* 42' 

Looking out at an angle of 87' 42' (eye height 6') sights 150'. 

Our next distance is 100'. The value, in degrees, of the vertex a* 1 !?. ’ 
at our chosen eye height (6'), subtending a distance of 100', is a S a 
found with the tangent function. 

b = opposite leg (base) = 100' 
a = ad jacent leg (height) = 6' 
tan Zb = 100/6 
tan Zb = 16.66 


A 









Look up 16.66 in the trig tables for natural tangents (across for dr- 
g re es, up for minutes). 

Zb - 86' 30' 

Sighting out at an angle of 86' 30', at our chosen eye height (6'), 

sights 100. 

Our next distance is 75. The value, in degrees, of the vertex angle, at 
our chosen eye height, subtending a distance of 75', is again found with 
the tangent function. 

b = opposite leg (base) = 75' 
a - ad jacent leg (height) = 6' 
tan Zb = 75/6 
tan Zb - 1 2J5 

Look up 12.5 in the trig tables for natural tangents (across for de¬ 
grees, up for minutes). 

Zb = 85' 24' 


Sighting out at an angle of 85° 24', at our chosen eye height (6'), 
sights 75'. 

Our next distance is 50'. The value, in degrees of the vertex angle, at 
our chosen eye height (6'), subtending a distance of 50', is found again 
with the tangent function. 

b = opposite leg (base) = 50' 
a = adjacent leg (height) = 6' 
tan Zb = 50/6 
tan zb = 8.33 

Look up 8.33 in the trig tables for natural tangents (across tor ile- 
S r ees, up for minutes). 


- 83' G' 


Sighting out at an angle ot 83 6', at our chosen tye height (6 ), sights 

50'. 

Sighting Triangle 

Having found the angles that at our chosen eye height, sight our se- 
fected distances, we need now to find a way to determine that we are 






Chapter 4 





correctly projecting sight lines to our selected distances, at the apn r 
priate vertex angles. There is a simple and reliable way to do this. We’ll 
use the dimensional relationships of our own body features. A fist, held 
level at arm’s length, will serve as an organic protractor. 

A fist subtends an angle of 10" when it is held at arm’s length. h. u ^. 
yard astronomers have used this convention for years. A fist, with 
knuckles oriented vertically has a vertical axis of finite dimension, 
spanning a few inches. See Figure 4-5. The angular measurements of 
our selected vertex angles can be subtracted from DO degrees. These an¬ 
gular differences can be expressed as percentages of 10. These angle per¬ 
centages correspond to distance percentages of the vertical dimension 
of the vertical axis of a human’s fist. Sight lines projected at selected 
vertex angles, toward selected distances, will intersect the fist’s vertical 
axis at finite distances down from the top of the vertical axis of the fist. 
See Figure 4-6. These distances down from the top of the vertical axis 
will be called vertical distances. They locate the point where projected 
sight line intersection with vertical axis occurs. They serve as sights 
through which to project sight lines that travel on to locate selected 
distances. To find these vertical distances (intersection points), we need 
to know the dimension of the vertical axis of the fist, and we need to 
know the percentage of this dimension at which the intersection points 
occur. The percentage of this dimension can be found by translating 
the angular difference percentage of 10“ into a dimensional percentage 
of 100 percent of the vertical dimension of the fist. Remember, this is a 
vertical distance that corresponds to the angular span of 10. The top of 
the vei tii al axis represents an angular span of 0 and 0% of vertical dis¬ 
tance (list dimension). The Imrtnin of the vertical .axis represents an an¬ 
gular span of 10 and 100 percent of vertical distance. 

A summary. Vertex angle solutions are subtracted from SO". Tin t 
are expressed as a percent of 10° (10* represents the angular span of the 
fist). These (angular percentage differences) are then converted to lik e 
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10"= 100% VA 




Angular differences expressed as a % of 10 degrees (100% 
with vertical axis (VA). 


VA) determine sight line 


percents of the vertical dimension of the fist. These percents of 100 per¬ 
cent of the vertical dimension (distance of vertical axis) of the fist are 
our desired vertical distances that locate intersection points for sight 
lines projected to selected distances. 

In creating a sighting triangle using outstretched fist at arm’s 
length, we first need to find two pertinent values. We need to find our 
fist dimension and to measure our arm’s length from a specific point on 
the body. Both values are derived mathematically and measured di¬ 
rectly. After we have found these values, vve need to create a chart, like 
the one in Figure 4-7. It’s basically a data chart for our estimation 
model. Making the chart can come a little later. It is mentioned now, 
though, because entered into it are the values required for creating our 
sighting triangle. The values for fist size and arm’s length are arrived 
at by pouring different solutions, from different methods for finding 
dimensions, all together into a kind of mathematical soup and allowing 
them to cook down for a while. The different methods and solutions 
help to “tune” the final numbers we will use for accuracy. Finding 
these values must be done carefully. Accuracy at the starting point of 
°ur model is important to avoid multiplying error into the system. 

This is how to make the distance estimating model, broken down 
into steps. 

At the end of this section we’ll end up with the angular span of 
y°nr fist, the vertical axis dimension of your fist, and a value for arm’s 
,en gth. You’ll measure the angular span of your fist. You’ll use a pro- 
factor and/or an angle meter to check the angle subtended in degrees 
b y your fist (measuring from the top of the thumbnail to the bottom of 
the little finger’s second knuckle). If it consistently measures 9* or 11% 
,,lls should be considered correct. You will also compute the angular 
span of your fist. Once you have directly measured the vertical axis of 
y°ur fist and arm. V ou will draw a triangle with these dimensions and 
c °mput e the angle in degrees subtended bv the vertical span of your 
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Model Data Chart 


i Find dimension of fist vertical axis 


2 . 


Fist vertical axis = 5.02" 
Pat value at top of column 
dimension) 


D % of 10/5.02" (see text on finding axis length dimension to find fist 


3 Find equivalents of vertex angle 
Put in column D 

4 Differences from 90*’ for selected distances converted to percent of first dimension = finite 

fist dimension in inches e P or ti°n ol 


(C) 


(A) 

Selected 

(B) 

Selected sighting 
angles (vertex 

Angular 
differences 
vertical axis 

<D) 

Percent of angular 
span/vertical axis 

(E> 

Vertical 

distances 

angles) 

from 90° 

% of 10/5.02" 

■ w ■ 1 R Vpi 1 1 J | 

distance 

300' 

88°48' 

ri2' 

12 

.6" 

200' 

88°12' 

1 °48' 

18 

.9" 

150' 

87°42' 

2° 18' 

23 

1.2" 

100' 

86°30' 

3°30' 

35 

1.8" 

75' 

85°24' 

4°36' 

46 

2.3" 

50' 

83°6' 

6°54' 

69 

3.5" 


Figure 4-7. Mode) data chart. 


fist. After getting the dimensions two different ways, use your best 
judgment to pick the value to be used in your model. If fist is large or 
small, use the “better” number. You’ll see what this means as you go 
through the work. Here’s how to measure and compute. 


Arm and I’ist Dimensions (measuring and computing) 

First measure your arm’s length. One end of a tape or yardstick should 
start at the triangular muscle pocket on the top of your shoulder. This 
is called the transverse humeral ligament. Measure from the side of the 
hollow that is nearest to you. Measure to the tip of your thumb- I his 
measurement is “as the crow flies.” If using a soft tape, stretch it tight 
between the two points. This measurement will come out to approxi¬ 
mately half your height, less one-ninth of your height. The distant 
from the lateral midpoint to the transverse humeral ligament is 
roughly one-ninth of your height. Repeat this measurement a h" 
times and note the most common result (mode). Don’t use a mean o> ,,n 
average. This will make your number too “soft,” 
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Using the arm measurement, compute your fist size. Use the Py¬ 
thagorean theorem. Using the arm measurement and an assumed angu¬ 
lar sp a11 wor ac vv,1If ' through the natural tangent function to 
find a mathematical approximation of your fist dimension. This will 
ive you something to shoot for. 

Next, measure your fist. Use a clear ruler. Hold the fist with fingers 
curled and thum > resting flat across the second knuckle of your index 
finger. Hold your fist at arm’s length. This helps prevent parallax prob¬ 
lems, because you’ve reduced sighting angles to their minimum (hope¬ 
fully. 10*) and reduced error potential to its minimum, as well. Hold the 
ruler next to your fist, allowing it to rest against the knuckles. The 
transparence of the ruler helps you to line up unit markings with the 
top and bottom of your fist. Measure from the top of vour thumbnail 
to the bottom of your small finger. Repeat this measurement a few 
times and note the most common result (mode). 

Now measure the angular span of your fist. Use a protractor and or 
an angle meter. If you use both, you can check them against each other. 
Take the measurement with each several times. Pick your most com¬ 
mon result from both (if you use both), and note both (if different). If 
you get a single mode, note just that. 

Now use these physical measurements to develop approximate val¬ 
ues for the same variables. You’ll then check your physically measured 
results with your computed results. Comparing them against each 
other will help you fine-tune the final values you will eventually use 
in your model. We'll use your physical dimensions of arm’s length and 
fist height to create a triangle, from which we’ll compute your angular 
span (fist), using the “trig - ’ tables for natural tangents. We’ll use your 
directly measured angular span and arm’s length to compute fist 
height, by working backward through the “trig" tables for natural 
tangents. 1'he computed values give you something to shoot for when 
measuring, and the measured values help temper the computed values, 

< ’ i hey were based on an original arm measurement. These compari¬ 
sons will give us “best” numbers to use for vertical axis (fist) dimension 

and angular span (fist). Let’s take an example (theoretical eye height of 
6 feet). 

Compute vertical axis (fist dimension) using: 


Ann’s length = 26.5" (measured) 
Angular span = 10" (assumed) 
Vertical axis = 5.02" (computed) 


Met 


isure vertical axis (fist dimension) using: 










Arm’s length = 28.5" (measured) 
Angular span = 10" (measured) 
Vertical axis = 5.5" (measured) 


This measured value is different (greater) than our 

value. This indicates the presence of error somewhere ch,,i * ' >mpllte d 
measurement. >°ur arm 

An alternative scenario might go like this. Here variance 

our angular span measurement (9" or 11“). But our comouM ,’ n 
still work. 1 ed Valu cs 


Arm’s length = 28.5" (measured) 

Angular span = 9 n or 11“ (measured) 

Vertical axis = 5.02" (computed) 

This would indicate an error somewhere. Check vertical axis (f ls n 
measurement. 

\ a '{ s look at a different combination of values using: 

Arm’s length = 28.5'' (measured) 

Vertical axis = 5.5" (measured) 

Angular span = 11* (measured) 


Use numbers that are closest to expected result. Look to values that 
results seem to be pointing to, and/or the mode. 

U: i •: i i’ding was an example to support the merit of value coni' 
parison in the interest of error detection. The following is an example 
of working through this part of the model, creating a sighting triangle. 

I irst, we’ll find our vertical axis (fist dimension) mathematically, 
according to our “10 theory. We’ll take an example using a G' eye 
height. You’ve measured your arm’s length (muscle pocket to thumb 
tip). It measures 28.5". (This is an approximation that I am using for this 
example. 11 you have a 6' eye height, you’ll still have to work through 
the entire model.) Construct a triangle like the one in Figure 4-H: the (a) 
leg will be 2R5 inches long; angle (b) will open 10"; the (b) leg represents 
your vertical axis (fist dimension). Look at this example. 

I inti (b) with the natural tangent function and the “trig” tables for 
natural tangents. 

tan Zb = 10” 

(a) leg = 28.5" 

(b) leg = vertical axis 

If tan Zb = 10*, 







Q 


figure 4-1*. 



and tan Zb = b/a, 
then tan Zb = b/28.5" 

Looking in “trig” tables for natural tangents, we find that 10 is 
equal to a value of .1763, so... 

if tan Zb = .1763; 
and tan Zb = b/a, 
then .1763 = b/28.5" 


Cross multiply: 


a x 1 = .1763 x 28.5" = 5.02", so... 
leg(b) = vertical axis = 5.02" 

So, in theory, the dimension ot the vertical axis is 5.02 . 

Now, measure your fist; you have a value to aim for, but don t 
fudge. Does the direct physical measurement agree? If you consistently 
get a different measurement, it is important. Note your mode. Now, let’s 
w »rk backward. 

t ind the angular snan (angle subtended in degrees) mathematically, 
according to our “10°” theory. We’ll use our measured value for vertical 
(fist dimension in inches). Let’s say it measures out to .).02 . So the 
10 theory works out. Perfect. Walk away. Go live happily ever after on 
^ island, somewhere. But what it life isn 1 so perfect: 
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Let’s examine sniffing out error while we’re finding angular 
Let’s say you measure your fist and it comes out a little differem S l** 1 
5.02". How different is it? This will affect the angular span result, W J, an 
is obviously key to our distance sighting angles, as the intersection'^ 
their projections with the vertical axis of the fist is determined h 
percentage of angular span subtended by the vertical axis of the 
Let’s say our direct measurement of the fist yields a mode Q f - 
(you just won't get 5.48" with a ruler). Your computed angular 
will be different. 

To find the value of angle (b), use the natural tangent function 
So... 


If tan Zb = X* = opp/adj = 55V28.5" = .1929824, 

then tan Zb = .1930. 

Looking this up in the “trig” tables for natural tangents gives: 

.1930 = 10“ 55'. 

This is not 10*. This is significant. Remember the difference between 
300' and infinity is only T 12'. 

Now, physically measure your angular span (of fist held at arm’s 
length). Use a protractor or angle meter. Do this carefully and repeat¬ 
edly. What result do you get? Record the mode. 

Let’s say our physical measurement of angular span still comes out 
to 10’. There's an error somewhere. Recheck your arm measurement. 

Let’s say your arm measurement consistently comes out to 205. 
And let’s say your fist (vertical axis) consistently shows a computed 
and measured value of 5.02". These compute a span value of 10“. But 
your direct physical measurement yields a value of 9' or 11". You vc 
checked and rechecked your arm measurement. 

So check your fist measurement. Let’s say you now get a measure 
ment of less than 5.02" or greater than 5.02" (55"). Note this number. 
Compute span size. Measure span size. So... 

Arm’s length = 28.5" 

Vertical axis = 55" 

Angular span = 11” (10" 55') 

I hese are good, well-tested numbers. Note them. These numbeis •" 
the values you would use in the model. It should be clear why it 1S 

■ 'This IS 

important to carefully measure your arm’s length dimension. 1 
the foundation value for everything. It’s a necessary value that 1 
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rectly provides <>in angular span value, which is our pivotal value. The 

a riTJ dimension, though it doesn t determine fist size, helps us double- 

checK oui B P an va ut mathematically, [t helps us troubleshoot our 
, s i ca l and mathematical procedure. 

P ' To find angular span mathematically, physically, and in turn, to 
find the “best" span number to use, we’ve made ourselves a little tool 


ARM LEN(/IH <-> I IS I SIZE <-> SI*AN SIZE I * SIGHTING ANGLE 
distance ESTIMATION 


The arm measurement calibrates our tool. Fist size works in a sec¬ 
ondary capacity. Though fist size is independent of arm length, fist size 
interacts with arm length to give span size. Span angle is our pivotal 
value* 

These are good solid numbers. To get to this point, you’ve worked 
hard to get them. And because I ve worked hard to get mine, I’m going 
to use then i t■ > 1 1 : 11 ii <>ui example of working through our model. 

Example Values 

Eye height = 6' 

Arm’s length = 28.5" 

Fist dimension = 5.02" 

Angular span (fist) = 10“ 


Just so you don’t think all of this will get away from you, at the 
end of this walk-through, I’ll provide a chart diagram in the section 
ahead entitled “Technique of Model." This lays out, sequentially, the 
technique of developing a model for long-distance estimating. This will 
parallel “Theory of Model.” 

Now, to find the distances down from the top of the fist ^sighted at 
level arm’s length), we must project sight lines across to spot selected 
distances. Sight lines projecting to selected distances intersect the verti¬ 
cal axis of the fist at specific distances down from the top of the vertical 
axis. These points are found by taking the angular difference between 
our sighting angle and 90 degrees and converting it into a percentage of 
10 degrees. Ten degrees is the angle subtended by the vertical axis of the 
f »st. This percentage of 10 degrees is also the percentage of the length of 
the vertical axis we must measure down from the top of the vertical 
to *C0V<%) to find the intersection of selected sight lines projecting out 
° elected distances. Let’s start with infinity. All computations are 
^ on the values listed above. 

infinity is sighted from a vertex angle of 90 degrees. The selected 

M£Jht 1: r ° 

‘ me for this selected distance intersects the vertical axis of the list 
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at 0 inches vertical distance. Angular difference is zero. Angular dijf. 
ence span percentage is zero (angular difference expressed as a peree 
age of angular span [of fist—10°]). Vertical axis percentage is Z( , r 
Vertical distance is zero. 

Here’s a little math for sighting infinity, or any distance. Sighti, u 
selected distances is based on this. It is the relationship between selected 
sighting (vertex) angles and selected vertical distances. 

Selected Sighting Distances (descriptive math) 

VERTICAL DISTANCE 

90" - SA = AD 

90" - Selected Sighting (vertex) Angle = X% x Angular Span = x% 
x Vertical Axis = Vertical Distance 


OK: 

(Angular Dif'fercnce/Angular Span) x Vertical Axis = Vertical Dis¬ 
tance 

OR: 

[90" - SA]/AS x VA = VD 
OR: 

(AD/AS) x VA = VD 

Let’s look at finding the vertical distance for infinity in terms of 
the above descriptions. The selected sighting angle for infinity is 90 de¬ 
grees. 

Vertical Distance (infinity) 

90" - 90‘ (Selected Sighing Angle) = 0 = 0% x 10° (Angular Span » 0% 
x 5.02" (Vertical Axis) = 0 (Vertical Distance) 

OR: 

0710° (= 0) x 5.02" = 0 (Vertical Distance) 

Here is the math for finding the vertical distances for our reman’ 
ing selected distances (300' to 50') from our remaining selected sightnm 
angles. Remember, 1 degree equals 60 minutes. 
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^ AD - 1 * 12' = 72' so... 

(1 12 '/10) * 5.02 = .6024" (Vertical Distance) so. 

VI) = .6024" (approx: .6") 

Vertical Distance (200' [SI)]) 

SA = 88“ 12' ' . 

g 0 ° - 88" 12' = 1° 48' so... 

AD *= 1" 48' = 108' so.,. 

:v (r 48710°) X 5.02" = 3036" (Vertical Distance) so. 

VD = .9036" (approx: 3") 

Vertical Distance (150' [SD]) 

SA = 87* 42' 

90*-87° 42'= 2* 18 so... 

I AD = 2* IB' = 138' so... 

(2* 18710°) x 5.02" = 1.156" (Vertical Distance) so... 

VI) = 1.156" (approx: L2") 

Vertical Distance (100' [SI)]) 

SA = 86‘ 30' 

90° - 86* 30' = 3° 30' so... 

AI) = 3° 30' - 210' so... 

(3° 30710°) x 5.02" = 1.757" (Vertical Distance) so... 

VI) = 1.757" (approx: 1.8") 

Vertical Distance (75' [SD]) 

SA = 85" 24' 

90”-85* 24'= 4* 36'SO... 

AI) = 4° 36'= 276' so... 

(4 36710°) x 5.02" = 2.3092"(Vertical Distance) so... 

SI j^,, , = 2.3092" (approx: 231") 

Vertical Distance (50 [SD]) 

SA = 83° 6' 

90” -83’6'= 6° 54'so... 

= 6” 54' = 414' so... 

(6° 54710°) x 5.02" = 33"(Vertical Distance) so... 

V D = 3.5" 

The above solutions for vertical distance represent points of inter- 
Sec tion of the vertical axis by sight lines projected to selected distances. 
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The angular span (deg) of 10 degrees is represented by the v ■ 
which measures 5.02 inches. This is represented by the fist' *' * Ital axis, 
The fist can be used as a “sight" for selected distances, The V 
measured for the vertical distance solutions. Hold the ruler ^ be 
fist and note landmarks that coincide with the vertical dist ^ the 
tions. Now, while holding tlie fist level (this can be learned) an^ S ° lu ' 

ing across these landmarks on the fist, one can sight select * S5ght ' 
instantly, from 300 to 50 feet. distances 

A word on “grounding" the technique. After you have dev l 
your personalized model, take it onto a football field (prcferabl ° 
that isn't being used). First learn to hold your fist level at arm’s le 
You can learn to repeat this consistently after only a few trials. 
the learning process, and as a check, use a stiff dowel rod withan Tn'u 
meter, or string level, mounted on it. You must also affix a mirrorV 
the dowel rod so you can see “level * Place one end of the rod at the side 
of the bridge of your nose. This end of the rod will rest against the top 
of the cheekbone and on the inside corner of the orbit bone of the eye 

bet the other end rest along your thumb, as you hold your fist at arm’s 
length. 

As you sight across your thumb, you sight infinity. As you lower 
your look through your range of selected sighting angles, your sight 
line projects across landmarks on your fist to sight selected distances. 
These landmarks are again best checked out in a field. 

bay out your selected distances on a field labeled with markers in¬ 
dicating footages on kite sticks. Use your stiff dowel rod with angle me¬ 
ter. Stand at zero feet. Lay the dowel rod from nose to fist. Sight 
infinity, then lower the fist such that looking across the top of the 
thumb sights each selected distance. Check the angle meter at each se¬ 
lected distance sighted. Repeat this procedure, lowering the fist by each 
selected sighting angle. Check the distances spotted. Are they the se¬ 
lected distances? Now, holding the fist level at arm’s length, sight across 
the landmarks you measured out on your fist (vertical distances along 
vertical axis). Are you sighting the appropriate selected distances? It all 
checks out, retire the rod. If not, retune. Then practice. 

It’s theoretically possible that you can eventually dispense with us¬ 
ing your fist as a sight. You will just know you are looking at selected 
distances. This is Zen. From here you can approximate to distances in¬ 
termediate to selected distances. This is not Zen. It’s conscious brain 
function, but it would not be very Zen of you not to take advantage of 
this. 
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SELECTED DISTANCES CHOSEN 

300' to f>0' 


triangle model drawn 

Base (b) = 300' (marked for selected distances) 
Height (a) = user’s eye height (measured) 
Hypotenuse (c) (optional) - Pythagorean theorem 


SELECTED SIGHTING (VERTEX) ANGLES COMPUTED 

Natural tangent function and “trig- tables for natural tangent 
functions used. s 

Draw in selected sighting (vertex) angles (optional). 


angular differences found 

Subtract selected sighting vertex angles from 90 degrees. 

DETERMINE BODY DIMENSIONS 

Measure and compute arm’s length. 


ANGULAR SPAN 

Measure and compute angle subtended bv list at arm's length. 

VERTICAL AXIS 

Measure and compute—unit measurement (dimension) of vertical 
axis of fist (oriented vertically and measured top to bottom). 
Lock in “best” numbers, comparing for errors and or variance. 

DATA CHART (Optional) 

(.reate a model data chart like the one in Figure 4-7. 

VERTICAL DISTANCES COMPUTED 

VD = (AD/AS) x VA 

VD * = [(AD/ AS) x VA], - [(AD,/AS) x VAl,,.,, 

VD* = VD, - VD ( ,_ 1} 



VD (**U = : [(AD/AS) x VA], + [(AD AS) x VA\, +l) x [(AD/AS) x VA] 


VD 


(*♦0 = VD, + VD ( , +l) x VD, 
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VI)„. n - VI), ♦ (VD, x VD ( ,.jj) 

VD * Vertical Distance 

AD = Angular Difference 

AS ■ Angular Span 

VA = Vertical Axis 

VA% Vertical Axis Percentage 


FIST AS SIGHT (Landmarks) 

\'ote landmarks on fist according to vertical distance nie.isu, 
ments. 11 


FIELD TEST 

Learn to level arm. 

Lay out distances (marked). 

Check technique for a c c ur a cy with angle meter. 
Ketune as needed. 

Practice. 


FOCUS ( IKCLi:S 


These are pictures of focus. The focus circles cover an average range of 
foud lengths, at likely apertures, at lens distances that extend through 
those used m a classic Mocking scheme. The focal lengths eovered are 

24mm, 50mm, and 100mm. The apertures are T2.8 and T8, for each lens 
The lens distances range from 5 fleet to infinity. 

I he universe is ordered in a circle... kinda’. Anyway, a big part of 
your universe is. Spherical glass to gather light and circles to focus it in 
A circle has complex mechanics, yet it’s a simple thing. In parallel, corn- 
pit x Mot king tan often lx* greatly simplified in its focus requirements. 
From these pictures you can see that complex blocking, in a scene with 
actors stopping at six to ten places, can sometimes be reduced to two to 
tiiur fiKus marks and points — fast! Less focus pulling also reduces 
hi tathing, which is distracting — neat! If you study these pictures your 
trrl lor focus anil depth of field will hopefully become more organic. 
This is what we are aiming for in this book. No assistant that I know of 
(myself >m hidi-d) has ever gone really far in this kind of fluent cogni¬ 
tive awareness of depth of field. Is it really neressu \ m t this gtiod? 
Maybe not. Is it really Zen to get this gtxxi? Definitely yes. See Figure 2-1 

I his i haptrr concludes the technical section of this book. In it, I 
have tied together all the loose ends of the technical material presented 
earlier-. I hope every gap is filled. We will now move on to briefly treat 
issues related to being an assistant that are more peripheral and general 
in nature. 













Wrap-up 


Well* this is where we wrap it all up and put a ribbon on the package. 
That package is you, and that is what we’re going to talk about in this 
chapter— getting you ready inside and out. We’ve covered the technical 
end of the job along a very narrow spectrum: optics and focus in the¬ 


ory and technique. Now we round out your preparedness with the 
concept of total preparation. The final element is you. This will be the 
most general treatment in the whole book. It will be a very superficial 
look at physical and mental preparation, clothing, diet, exercise, jet lag. 
travel, and attitude. It will mix a little philosophy into your shooting, 
your political encounters with management, and your encounters with 
yourself when you fail ...and you will. How to get hack on and stay in 
the saddle—a lifelong course bv Juan Amore Time. We’ll try to dispel a 
few myths. Finally, we hope to send you down from the mountain 
with something magic to take with you, like a wizard's star. A point of 
pure light shines from its infinitely distant center. This is yourself 
opened to finding jov in what you do and that beauty that makes up 
the mysticism and Zen of your work. 


T 0 Ta I- PREPARATION 


When we talk about total preparation, we add you to the technical 
loop, completing the circle. Total means physical and mental prepara¬ 
tion. The two sides of the same coin have a kind of circular, benefit ial 
*If* 1 1 on each other. A positive state promotes a sense of stiong mental 
well-being, a firm sense of mental preparedness and well-being pro¬ 
motes a good sense of physical preparedness and physical well-being. 
The positive state of each increases the positive state of the other. Physi- 


2X9 
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cal comfort enhances concentration. Ibis of tin enhances perform a n 
This creates reward, peace, satisfaction, calm, and focus. This transit* 
into a more positive physical state. This slows energy expenditure, 
lays the onset of fat igue, and allows enhanced physical ability. This’crl' 
ates reward, peace, satisfaction, calm, and focus. I his is circular and 

very Zen. 


PHYSICAL PREPARATION 

The physical elements of total preparation include clothing, diet, spe¬ 
cially targeted physical training and training-targeted diet, and rest 
These combine together to make a very integrated, well-grounded, and 
positive physical sense of whole being (that’s you). So kid... wake up 
and get dressed! 


Clothes 

Dress for success. This isn’t quite what it sounds like. Often, in film 
work, due to extreme conditions, what looks very uncool is very cool. 
Well dressed is well prepared, is comfortable, is happy and doing a 
good job. This is cool. Have clot lies on or with you (sport bag) for con¬ 
ditions you expect and don’t expect. Be ready for colder weather than 
you thought, hotter weather than you thought, and weather you never 
thought of. This goes for working on stages as well as working on exte¬ 
rior locations. Be ready for water and mud, sometimes even indoors. 
Remember the magic of movies. Make this magic your business and be 
magic about it. Know the terrain. You'll he walking on it—concrete fac¬ 
tory floors to arctic tundra. Have extra clothes. Think about color and 
fabric. This is not a joke. Think about layers vs heavy clothes. Let’s start 
from the ground up. 

Shoes 

Hiking shoes, tennis shoes, mud boots...swim fins? From the moun¬ 
tains to the sea, you’ll work there. 

Hiking boots make great ATVs. They will work on more varied 
surfaces than any other kind of shoe. The soles are firm, and the boot 
structure itself also offers good foot and ankle support. The soles pi° 
tect from loose, pebbly, and uneven surfaces. The boot support redui* s 
energy expenditure and delays fatigue onset. They can work on |( tn 
ventional surfaces, as well. They otter some weatherability in that th‘> 
are semi-water-resistant. 

They have drawbacks. Weight and construction work in a t ,af e 

















The y’ re heavy and/or often poorly insulated. A strong boot of ten 
°^' . 0 ce s insulation to keep weight down. Even the lightest boot will 
saC ^ ea vier than a tennis shoe. The weight factor interacts with fatigue. 
k e hi ^ h ankle, offering increased support, makes one hotter in warm 
^ather. More body surface is covered. A lighter boot can bring fatigue 
we t a as quickly, if not quicker, if it is a colder boot. Wear socks. 

J US jjoots are semi-all-purpose. Application is wider than tennis shoes, 
ough. for general work, hiking boots are less practical. Hiking boots 
V.oulfl be the first alternative pair of shoes in your sport bag. 

Tennis shoes are your primary work shoes. They offer support, and 
they’ re S ooci on a surfaces. They provide almost no insulation. 

They’ re semi' water-resistant. Mostly, they’re hard to ruin and are rela¬ 
tively cheap. 

Mud boots are great in wet, tall grass at dawn or dusk. If it rains 
and it’s muddy, you’ll really wish you had a pair. Worn with thermal 
socks, you’ll be toasty warm and dry. This means you’re comfortable 
and focused. You won’t be watching a clock and waiting for the day to 

end. 

Swim fins are swim fins. If you need some, get some. 


Socks 

Regular white athletic socks—long ones, short ones, and thermal socks. 
Take an extra pair of athletic socks in your sport bag, in case you sweat 
a pair out. Long ones work nicely on colder days. Short socks (footies) 
work great in hot weather with minimal body coverage. On hard or 
cold floors, wearing two pairs of socks dampens shock and insulates 
from cold. Both are fatiguing. 

If it’s really cold, you’ll really wish you had a pair of thei mal socks. 
(Where have I heard this before?) Toasty and warm means comfortable 
and focused. 


Pants (long and short) 

Pants should be loose fitting for comfort and ease of movement. This 
reduces exertion and muscle stress and delays onset of fatigue. Loose-fit 
ting pants accommodate thermal underwear better, and thermals work 
better in loose clothes that provide dead air spaces. Loose pock* is <nt 
better than tight pockets. 

Color should be considered with the veathei and whether you ait 
working indoors or out. Light colors on warm-day exteriors are cooler. 
^®rk colors work well on cold exteriors. Indoors, dark colors are more 
camera compatible, and radiant light/heat energy is not a factor. 

Length is obvious. Shorts that are short cover less body surface, al- 
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lowing more heat dispersal after conduction. Ease of cooling 
set of fatigue. a ^ s ° n ~ 

Bush-stvle pants and shorts are loose fitting and have great p 0{ ,. 

All pants should be 100 percent cotton. It works best with sweat el ^ 
A note here about fabrics. Until recently, cotton was the j* s ‘ 
breathing and wicking material for a sweating body. Now there*^ 
something Patagonia calls Capilene. It is a treated polyester. ls 

Patagonia pioneered the technology to create a material that 1 
supposed to be superior in its breathing anti wicking properties, -yu'*' 
polyester is treated with an antimicrobial finish: tri-chloro-hydrox 1 
diphenyl ether. It acts to break down and inhibit growth of bacteria 
that thrives in warm, moist environments. I his helps keep the fibers 
and the weave open to pass air and moisture. I he outside of the fabric 
is treated with a hydrophilic finish. Hydrophilic means water loving. 

The chemistry of Capilene and the hydrophilic outside finish work 
in conjunction with naturally occurring body heat and the engineer¬ 
ing of fiber and weave design to drive moisture f rom the inner surface 
to the outer surface. There the treated finish spreads the moisture and 
speeds evaporation. This increased wicking speeds drying, allowing ih, 
body to conduct and convect heat away, as the fabric breathes at opti¬ 


mum capacity. 

This technology will be available to other companies in time. For 
now it is more expensive than cotton, and cotton still does a very good 
job. 


Shirts 

Wear what you like. Polo shirts, T-shirts, sport shirts. Sleeve length, 
color, and collar should be considered according to weather. Choices 
should be obvious. All should be 100 percent cotton. All should be loose 
fitting. Extra T-shirts should always be in your sport bag—three, four, 
or five to change through in hot weather. They can be layered in cold 
weather. The undermost shirt should be changed once or twice even in 
cold weather to maintain insulating properties. Remember, hot or cold 
stress and fatigue interaction. 


Extras 

Extra clothes can provide a critical difference in hot and especially in 
coli 1 weather. The greatest heat loss occurs from the head, next from 
the sides of the torso, then hands and feet. 

Extras include thermals (tops, pants, and socks), scarves, sweaters, 
sweatshirts with hoods, jackets, raincoats with hoods, rain pants, p aI ' 
kas with inner and big outer collars and hoods, gloves {and glove h n ' 
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j hats for shading the neck and eyes, relieving eye strain, limit - 
ers) al ex posure and to preserve warmth. 

0# ^ermals obviously provide core insulation and warmth. It’s ex- 
jnely imP ortant t0 wear fresIlBeto to maintain their insulating prop- 


tr 

er ues. 


^ a yhe the most effective single clothing piece, ounce for ounce, is 
gcaff’ Along with collars and hoods, they seal the inner core body 
^ ce all° w ^t 1 S little cold air exchange. If you become too warm, they 
6 P® C ,’ t , re niovecl instantly, without time consuming redressing off the 
ca Their portability makes them a most valuable item to have with 
i if you’re far from the trucks. They keep you amazingly warm, 
^ with just a shirt, on cool mornings. Always have one in vmir bag. 
S sweatshirts with hoods add to head insulation when combined 
with parkas or rain gear with hoods. Even when down and worn with 
jacket, they work like a scarf, keeping wind off the neck and out of 
the warm dead-air space. 

Gloves make a huge difference. Work gloves work great with lin- 

They are practically useless without. Take care to avoid getting 
them wet. This eliminates any insulating quality. Liners, by themselves, 
are extremely effective in moderately cold weather. They stash easily 

in pockets. 

Hats and hoods. In hot weather, hats shade the neck and head, but 
l )( ] ( | heat in. This is a trade-off. They reduce sun exposure, help pre¬ 
vent heat stress. They are very important for fair-skinned individuals. 
In cold weather they help prevent heat loss from the head, which is the 
body’s primary source of heat loss. And if it is raining in cold weather, 
keeping the head dry maximizes the insulation effect of dead air spaces 
provided by the hair layer between head and hat. A hood is an even 
more effective body warmer than is a hat. Hoods can be layered on 
sweatshirts, parkas, and raincoats. They keep wind off the bod} r core. 
They keep water from going under your outer layers and knocking 
out all your insulation. In cold, wet weather, a warm, dry head makes 
a difference of night and day on morale, outlook, attitude, focus, and 
concentration. The day will go a lot faster. 


Extra Extras 

Sunglasses (green/neutral and red/yellow) with straps, chemical warm¬ 
ers, evaporants, towels, umbrellas, sunscreen, lip-coat, and nose-coat. 

1 hese should all be in your sports bag. 

Have sunglasses in two colors. One pair should be neutral or green. 
T he other pair should have lenses that are toward the red end of the 
spectrum. The neutral or green glass works well in bright sunshine 
and contrasty conditions. Full-spectrum light, especially blue light (ul- 
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traviolet), which scatters more, is transmitted by this color gl- iss 
greater degree. This reduces contrast. This reduces eyestrain, which 3 
lays fatigue onset. ' < ^ ' 

Sometimes we want to increase the contrast. Lenses in colors 
ward the red end of the spectrum accomplish this. Yellow, orange a *°' 
red lenses work well in overcast conditions. This creates flat 
minimizing contrast and detail. In flat light, red lenses enhance contrast 
by reducing blue transmission of scattering ultraviolet light. Detail re 
ognition is important in focus pulling. When using distant landmarks 
even varied surfaces tend to be perceived as more homogeneo us , p 0cus 
pulling on objects moving across relatively homogeneous surfaces gains 
from enhanced contrast. The other advantage oi having two types of 
colored sunglasses is an obvious one. You have i wo pairs. This means 
you have an extra pair if you lose or break one. 

Sunglasses of any color reduce squinting. Some say this can reduce 
energy expenditure by just under 20 percent. I his, of course, delays fa¬ 
tigue onset. 

Glasses should be on straps. This saves fumbling and helps avoid 
misplacing them or dropping them. And they’re just less likely to be 
crushed if they’re around your neck. 

Sunscreen (body, lip, and nose coat) obviously helps avoid the long 
term effect of UV exposure. Over the course of a career in film, you will 
work a lot of exterior days, so sunscreen can provide important protec¬ 
tion over the long term. Also, and very important, sunscreen provides 
short-term protection against sunburn. More important than just 
avoiding the minor irritation of a burn discomfort, sunscreen provides 
other beneficial effects. 

It comes in the form of simple comfort. Again, discomfort is dis¬ 
tracting. It impairs concentration and focus. Sunscreen, like anything 
that increases your comfort level, allows you to perform better longer. 
Skin exposed to sun all day, even if it is not burned, gets a tight and 
chalky feeling. It kind of smarts. Stress fatigue becomes a factor. If you 
are burned, the next day you will be held back in your movement. You 
don’t work as hard because you are “guarding.” Also, the discomfort is 
distracting and de-focusing. Finally and maybe the most important 
cause-and-effect relationship is rest and sleep. Sunburn’s discomfort in¬ 
terferes with good sleep. The next day you are not rested. The poorer 
performance that goes with lack of rest needs nothing said about it. 
Sunscreen increases comfort, increases sleep, increases rest, increases 
peak performance. Again, we’re trying to attain a total state of good 
conditioning. 

There is one trade-off with sunscreen. It impairs your ability to 
sweat. Use it as necessity dictates, on key areas only. Some argue sweat- 











-Up 



225 


, n<L force* open pores, allowing the body to radiate heat. Sweating also 

imply tha sunscreen ,s washed off and rendered inHfectiw a f(1T 

n e 8 ' VCa ’ 18 08 reapplication important. Avoid this. Use 

Waterproof sunscreen. Reapphcation will be less frequent. 

Heat packets are a creature comfort with practical applications 
Again, increased comfort enhances a general sense of well-being, which 
Chances powers of concentrat.on and performance. Heat packets offer 
other practical benefits^They return feeling to cold, numb fingers. This 

is im|X»r*» n ' " hen making numeral .. atljustments to the camera. 

you can even put one on top of the movement block in the camera 

bo dy interior. 

They give off heat by chemical reaction. Once activated, the small 
packets provide sigm leant heat (reaching temperatures of up to 150 de¬ 
grees) for as long as 12 hours Small and slim, they fit easily in a pocket 
or even a glove. They’re available in camping stores. 

A small umbrella with telescoping handle provides handy cover in 
rain for your head and/or the camera. Even if you have head gear and 
camera covers, an umbrella keeps a lot of weather out. Umbrellas pro¬ 
vide good shade in extremely hot, sunny environments. It’s a good 
wind stop, as well. It can quiet things down for an operator. It can quiet 
an image down for a long lens. When choosing a small umbrella, open 
it. Some are too small. Get the one with the biggest “chute” you can find. 
Don’t buy the cheapest one. They break the first time out A little more 
money means the difference between an effective weatherproofer and 
a useless cobweb of broken metal and torn fabric. By the nature of an 
umbrella’s design it’s delicate, and by the nature of its use it’s going to 
take some punishment. 

Sweat is a good evaporant. As it evaporates from skin surfaces, it 


cools the body. Sea Breeze is another example of a surface cooling liq¬ 
uid. Its first contact is refreshing because of its composition. It can be 
kept in ice water. It can be cut and mixed with ice water and applied in 
a mist from a spray bottle. Its astringent nature helps to keep pores 
open and free of clogging fats, grease, and dirt. This maximizes the 
body’s ability to sweat naturally. Use it liberally. Saturated astringent 

towelettes in packets are a good portable form. They can ride in vour 
camera bag. 

A word here about attitude in the heat. Learn to enjoy the heat and 
e iog sweaty. Strip down and get hot and wet! 

One or two hand-size towels work well in wet, hot, or dusty 
■veather. You can wipe yourself and the camera off with them. Wash- 
s are a handier size, but they get used up quicker. In hot weather, 
P e oft layers of sweat and grime and then spray with Sea Breeze. 
ai P Iu S s cut down noise, which is a stressor. Cut down excessive 
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(high-decibel, high-frequency, and large-amplitude-wave) noise and 
you cut down stress. This delays fatigue onset. Over the long term, ex¬ 
treme noise exposure can cause temporary and permanent nerve dam¬ 
age. 

Carry all this stuff in a sport bag. It allows you to be ready f or 
changes. Extra clothes allow you to stay fresh, comfortable, and focused. 
Weight the contents toward the expected environment and weather 
conditions: hot/cold, wet/dry, windy. Are you shooting in a desert or 
in Alaska? Not all deserts are hot. Be prepared for both. Are you work¬ 
ing on a river? Is rain expected? What il it happens anyway? This 
means provide for the unexpected weather, as well. Here’s a general 
content profile to start from. This applies to stage as well as location. 

Sport Bag 

Extra shoes—by terrain and weather 
Extra socks 

Extra pants— long or short by weather 

Extra underwear—if extremely hot or cold or wet 

Extra shirt(s)—by weather 

Extra T-shirts—if extremely hot or cold; or wet 
Rain gear— jacket (hood) and pants 
Rain boots 
Sweatshirt (hood) 

Parka (hood) 

Thermals—shirt, pants, and socks 

Hats/hoods 

Gloves 

Glove liners 

Scarf 

Sunglasses—two pairs (different color lenses) 

Heat packs 

Umbrella 

Evaporants 

Towels 

Sunscreen(s) 

Creature comforts (psychological and physiological lift)—book, 
magazine, fruit juice, jerky, special tea (ginseng), gum, etc. 

Make one final addition to the contents of your sport bag: the con¬ 
tents of your pockets and your wristwatch if you wear one. Keys, 
change, money, etc., are things you don’t need to shoot. You’re less 
likely to lose your car keys. This can be disaster at a distant location. 
Empty pockets will make you feel less distracted. Empty pockets allow 















feel more comfortable. Takf *■ 

y°°. h( . st . trinkets of everyday realitv T wrist watch off too. Not hav- 

‘‘^ir sense of “being there" and wil/hei" {° Ur perion wiU acce ntuate 
y° tt jj Cr e and now” of shooting. ^ your mind focused on 

T I mm* 


you what you eat, right? So eat better, be better Thi 
technical treatment of nutrition. Food can after, ' Th “ “ a veT y non ‘ 
...torn,.UV ..re going to exploit thhfcS,^^ ' mr - aml 
Zgy storage, availability, utilization, and endullf 

«v now it will sound cliche and w ....„ , . 


ergy ° \ ... ■" —iiia endurance. 

By now it will sound cliche and it will k. * .. 

whole books on this subject, so I’m not going to wrT^'u 
vse carbohydrates, manage your fiu.ds and 

caffeine. 


Carbohydrates 

carbohydrates should constitute a maximum of 60 nercent of h 

Th, r, 3re *25 VeS " abK and frUit - as opposed^to 
being a complex carbohydrate, is known as a reftned carbEra ° 

These are s weets and pastry. The flat three categories make a W for 

a healthy diet. Them percentage of your total dietary consumption 

should la- increased before and during shoot days. A high percentage of 

refined carbohydrate (sugar and sweets) in the diet can cause stress and 
disease. 

They’re fun, though, and you shouldn't live like a monk while you 

work, unless you enjoy it. But, moderate them, (specially before and 
during shooting days. 

High -carbohydrate diets prevent glycogen depletion, which shows 
as chronic fatigue and inability to maintain normal intensity of per¬ 
formance levels. A high-carbohydrate diet (70%) can restore glycogen 
to normal levels in 24 hours. A 70 percent carbohydrate diet is recom¬ 
mended to athletes when they are exercising hard. This is for heavy 

training. You will moderate this. You cannot take quite as high a per¬ 
centage of sugars. 

Emphasize complex carbohydrates: fruits, vegetables, whole-grain 
fiiv* 1 S * Cerca k’ P 35 * 3 ’ an d legumes (especially beans). Deemphasize re- 
b b 1 ‘ ,r kohydrates. Complex carbohydrates are starches. Complex car- 
o^ydrates facilitate glycogen storage to a greater degree than do 
; lnt *° carbohydrates. In the first 24 horn's after great exertion, there 

is no diff - i 

u Terence between complex and refined carbohydrates. Bv 48 
c °mplex carbohydrates promote significantly greater glycogen 
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The four food groups, taken in balance every day, provide a b ,] 
a need diet. During heavy physical exertion, you may increase the s tM v 
ing numbers from four all the way to eight to keep CHO% of ( ]j e f 
recommended levels. See Figure 5-1. 

Carbohydrate loading is effective only if you are endurance 
trained. Endurance training means continuous exercise for periods 0 f 
90 minutes or longer, 3 to 5 days a week. Stiffness and heaviness from 
increased glycogen stores can hurt performance of shorter duration. 
You do not exert like an athlete, but you can modify your diet to beef 
up your margin of CHO and glycogen stores before and during a shoot. 
Increased CHO stores won’t allow you to work harder, but they will en¬ 
able you to maintain a pace for a longer period; endurance. 

Now let’s get even more general. People tend to get drowsy after 
lunch. This natural low point in the human circadian cycle is sometime 
called the postprandial blues. Eating a smaller meal helps avoid this. 
Eating less red meat helps avoid this. Eating fewer sugary sweets helps 


FOOD GROUP 

DAIRY 

1 cup milk, yogurt 
1.5 oz Cheddar cheese 

1 cup pudding 
1.75 cups ice cream 

2 cups cottage cheese 

PROTEIN 

2 oz. cooked lean meat, fish, and 
poultry 
2 eggs 

2 oz. cheddar cheese 

FRUIT/VEGETABLE 444 

.5 cups (cooked or juice) 

1 cup raw (1 avg. size piece of 
hand-size fruit) 

GRAIN, WHOLE GRAIN, FORTIFIED, 4 4 4 

ENRICHED 

1 slice bread 

1 cup ready-to-eat cereal 

.5 cups cereal (cooked), pasta, grits 

Ftgun* 5-1. 


RECOMMENDED SERVINGS 
Child Teen Adult 

















Fluids 

Fluids are an obviously strong factor in endurance and performance 
Alcohol and caffeine (most often in liquid iorm) are treats separately; 
in that their effect is not related direetly, or at least simply, to «„ * 

placement. Water absorption, loss, and replacement are directlv af- 
fee ted by fluid management. - aI 


Fluids are “huge.” Your body is mostly fluid. Most of this is water 
Water is the best choice in fluid management. Water is essential for en¬ 
ergy production, temperature control, and eliminating metabolized 
waste products. 


The obvious effect of poor fluid regulation is dehydration. This re¬ 
duces endurance. A feeling of fatigue in the later stages of prolonged 
exertion may be due as much to dehydration as to depleted energy 
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STARCHY carbohydrates 

Wholemeal bread flour and crispbreads 
Wholemeal pastas, brown rice 
Pulses and legumes: peas, lentils, beans (kid* 
ney, haricot, baked beans, etc.) 

Pearl barley 

Potatoes, sweetcom, root vegetables 
Cereals: Weetabix. Shredded Wheat, Bran- 
flakes. Puffed Wheat, porridge, sugar-free 

muesli 

Nuts: peanuts (unsalted), brazils, hazelnuts, 
chestnuts, almonds 

Fresh fruit: apples, pears, oranges, bananas, 
grapes 

Dried fruit: currants, sultanas, apricots, prunes, 
etc. 

Tinned fruit in natural juice 
rifjun* 5-3. Super carbohydrates. 


SIMPLE SUGARS 

Sugars, syrups, jams, marmalades 
Confectionery: boiled sweets, chocolate m*. 
fudge, etc. GG 

Sugary drinks: lemonade, cola, squashes 
blackcurrant 

Drinking chocolate, matted bedtime drinks 
Sugar-coated cereals, sugary cakes, biscuits 

pastries, fruit pies and crumbles, jellies 

cheesecake, ice cream, fruit yogurt, tinned 
fruit in syrup, sweet custard, milk puddings 
sweet pickles 


stores. Dehydration can and does promote a diminished mental state 
impairing judgment. Dehydration increases risk of heat illnesses like 
heat exhaustion and heat stroke. One way the body can become dehy¬ 
drated is by the protective mechanism of’ heat loss through sweat 
evaporation. 

The sweating mechanism is called upon, by the body, as heat pro¬ 
duction increases beyond the point where radiation, convection, and 
conduction serve as adequate means of heat (loss) regulation for body 
temperature maintenance. 

Sweating is adaptive. Six hundred kilocalories (2500 kilojules) of 
heat may be released from the body for every liter (1.75 pints) of sweat. 

I In body is capable of losing up to two liters (3.5 pints) of sweat per 
hour during prolonged exertion in a hot environment. This is signifi¬ 
cant heat loss. This can also lead to disastrous effects if lost fluid is not 
replaced, fluid loss of only 2 percent of body weight can seriously im¬ 
pair capacity to perform muscular work, The total water content of a 
70-kg/154-lb man is about 23 liters (40 pints). Water loss of 2 liters per 
hour becomes a very meaningful “number.” At this rate, 2 percent 
body weight loss in sweat can occur in less than an hour. 

Critical amounts of fluid loss through sweating compromise blood 
circulation and temperature regulation. If you exert in heat, blood nor¬ 
mally used for oxygenating muscle tissue is diverted to capillaries at 
1 1 1 * 1 skin surface. I he obvious purpose is to conduct heat off the body 
core. I his competition for blood puts extra stress on the cardiovascular 
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gyste^' to k dehydrrtto n 7^r^, , . t ‘ quisite blood oxygenation 

levels to " , hc circulati “ ws heart rate. As sweat loss ex- 

* ds r e P ]a \ .... -m. ■ . >s,em can t keep up. Blood flow to 

" be skin falls of t r - an effort to maintain plasma volume. Plasma 

volume ensures h * ability maintain high-volume Wood flow 

tbr lliced, blood volume chops, as the v ‘ S 

"„nponent deceases. U .th the drop in plasma volume ^ amoU[]( rf 

blood pumped by t can (stroke volume)drops. Heart rate increases 
b to maintain operating levels of heat radiati^ T S T 

^ S ubdermal blood flow and to maintain acceptable 

Is to muscle. Eventually there will he a sacrifice '* S 

skin blood flow is sacrificed. Muscle oxygenation takes priority 
sweating capacity is reduced, w„h an accompanying inability to lose 
beat as exertion continues. Core temperature can soar ,o 4f Celsius (105 
Fahrenheit). Perlormance falls off and a dramatic increase in effort is 
required to maintain exertion level. You may not even feel hot at this 
time. You may not even feel thirsty, though you are definitely behind 
on fluids, inadequate fluid intake to replace fluids speeds dehydration 
and escalates this entire process. Increase hydration to avoid dehydra- 
tion. 

Practice prehydration. Twenty to forty minutes before exertion, 
drink 250 to 600 ml (10 to 24 oz) of cold water. This helps keep core 
temperature down and reduces heat stress on the cardiovascular sys¬ 
tem. 

Maintain hydration. During exertion drink 75 to 150 ml {3 to ft oz) 
of cold water every 10 to 15 minutes. This rate is related to gastric emp 
tying and rate of absorption. It is compatible with absorption rate of 
the body, which is key. It’s not how fast you drink, but how fast it is 
absorbed by the intestine. The same holds true for quantity. Larger 
amounts empty from the gut faster, speeding hydration, but may cause 
discomfort. Cold water empties to the small intestine faster than hot 
water: cold does not harm the heart and does not cause cramping. The 
ideal temperature is 8 to 13 Celsius (46 to 55 Fahrenheit). 

Concentrated solutions (anything other than pure water) empty 
slower and are absorbed slower, as well as later. They can even stop ab¬ 
sorption and cause fluid loss and dehydration by reverse osmolality. 
Concentrated solutions can cause cramping. 

Thirst is a poor indicator, Bv the time vou feel thirsty, it's already 
° a te. 1 luids lost cannot be absorbed and replaced fast enough. 

to • is important. Some fluids empty faster from stomach 

intestine, where they are absorbed sooner and may be faster than 

ers ‘ brings us to sports drinks. 
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Sports Drinks: Sports drinks are just water supplemented with car- 
bohydrates and electrolyte* Carbohydrates are used up ,n penods of 
exertion by glycogen depletion and fatty acid metabolism. Electrolytes 
are lost » the body sweats. Sports drinks boast their value n carb„- 
hvdrate and electrolyte replacement. No case can be argued for the 
short-term beneficial effects of replacement of these two substance* Re¬ 
placement offers no tangible augmentation to performance or endur¬ 
ance, no" is performance or endurance diminished by lack of 

r<?P Carboh vdrates in sports drinks are in the form of glucose. A con¬ 
centration of glucose greater than 3 to 5 percent dramatically slows 
emptying Sports drinks range in glucose concentration from 4 o 75 
percent. Remember, more concentrated solutions are more likely to 
cause cramping- something sports drink manufacturers cla m the i in¬ 
gredients protect against. Why bother? Glucose concentrations of less 
than 3 to 5 percent provide carbohydrate levels that are too low to 
make a significant contribution to energy provision during exert,on. 
Due to the “peaky* nature of the energy provided by glucose (see Fig¬ 
ure 5-1) and the fact that carbohydrate replacement only shows an ef¬ 
fect over long-term exertion periods, glucose is limited in its usefulness 
as a carbohydrate. Sugary drinks have, however, been shown to im¬ 
prove performance in exertion periods of over 90 minutes. But the car¬ 
bohydrate as sugar requires constant replacement. Some studies have 
shown other carbohydrates to be delivered to the intestine (emptied) 
faster than others. They too, however, require constant replacement. 
Some sports drinks utilize glucose polymers instead of glucose. 

Glucose polymers are small glucose chains made by breaking down 
cornstarch. Drinks using these polymers show rapid absorption prop¬ 
erties. Concentrations of 5 percent glucose polymers and 2 percent fruc¬ 
tose allow these drinks to be absorbed as fast as water. Sports dr inks 
using glucose polymers have concentrations ranging from 6 to 16 per¬ 
cent. Studies have also shown that glucose polymers may slow the rate 
of muscle glycogen depiction—this is what leads to fatigue. Glucose 
polymers, like glucose, require constant replacement. One study recom¬ 
mends consumption of .25 grams carbohydrate/kilogram body weight 
for every 30 minutes of exertion. I’or our 70-kg/154-1 b man this means 
17.5 grams carbohydrate or 9 oz sports drink every half-1 e >ur. This is a 
lot and may cause discomfort. 

Electrolytes that are lost in sweat do not need to be replaced imme¬ 
diately. Loss or replacement makes no difference in performance oi en 
durance. Electrolytes are constituent trace elements of minerals like salt 
(NaCl) broken down into separate ions (Na* and Cl"). With other trace 
elements like copper, zinc, and fluoride, they form components of bone, 
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0 necti vt ’ tissiit, he moglobin, hormones, and enzymes in the body. 

<-term depletion causes much more basic and serious complications 

like ei rcU * ator £ 31 f f ^ ^ uce ^ Pl asma volume. Short-term de¬ 
li^ 1 ; c not harmful to the bodv or A , 

i t> tion 1S , . , . ^ r ( lt tnmental to performance or 

P ! once. Sports drinks, in their advertising 1 •* * 

,.ndora ntl 1 , en,Mn g> leave it to your lmagina- 

th'd replacement is somehow important 

,i0n .,..Replaces lost electrolytes!* So wha, ? fcmc manufacturere claim 

e lectroly« replai"™" t |>s prevent cramps. There is no evidence to 
Support this. To the contrary, concentrated solutions increase the likcli- 

hood of cramps. 

A high enough concentration can actually contribute to dehydra- 

tion. Hi ' * ' i ^ ,i fluid' rption in 

th at the hypertonic state they create increases molality in the wrone 

direction. Water is lost as it comes out of the body into solution, at 
tempting to stabilize osmotic potential. There is some evidence that low 
concentrations of electrolytic salt (Na + and Cl" ions) promote fluid ab¬ 
sorption in the intestine. So sports drinks are merely fluid replenishing 
drinks. Low calorie drinks are absorbed faster. 

Given all the factors, the purest, least-concentrated, lowest-calorie 
drink is the best drink. So the best sports drink for fluid replacement is 
still pure cold water. Sorry guys... 


Alcohol: Obviously, no one takes alcohol to extend endurance or 
heighten performance. Some people use it to relax, even at breaks be¬ 
tween work, like at lunch. Some people skip the breaks altogether and 
use it at work. Life is just one long party or hangover, however you 
look at it. But that’s a different book. Anyway, the problem with alco¬ 
hol is one of lingering effect. Some use alcohol to warm up or cool off. 
Like the sense of well-being it can provide, these are only illusions. Illu¬ 
sions given at the expense of the exact opposite physiological effect. 
Consuming alcohol in cold weather is a perfect example of this. 

Alcohol makes one feel warm while actually chilling the body. 
When alcohol is taken into the body, the blood vessels of the skin di¬ 
late, increasing blood flow at skin surfaces. The perceived effect is one 
of a warm body glow. As heat is conducted away, the blood is cooled 
and eventually leads to a drop in body temperature. In cold weather, 
the body must now expend more energy in trying to warm itself. This 
speeds the onset of fatigue. 

Alcohol is a potent diuretic. It promotes dehydration. Alcohol in- 
rnits the liver’s ability to maintain high glucose levels by gluconeo- 
5 e nesis. This is the production of glucose from compounds other than 
c arbohydrates, such as proteins. This impairs optimal physiological 
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states for exertion. 1 his is true foi i unsumption of large amounts 
cohol even 12 hours before exertion. (,f a]- 

The biggest thing about alcohol is judgment, which is 0ne of 
first things to go out the window when you use it. The people wh **** 
going to "sabotage themselves and maybe the safety of others i n ° 
workplace will ignore this section. The people who won’t prob-!, 
didn’t need to read what’s written here, anyway. But what’s true f' 
everything in this final chapter is that it’s all your judgment call. As {* 
as alcohol goes, here are the facts; use your best (worst?) judgment " 


Caffeine: Caffeine definitely alters behavior. Can moderate amounts 0 f 
caffeine improve performance? Caffeine has been proven to augment 
performance for some people in some eircumstances. It doesn’t work 
for everyone. Caffeine works by shifting the percentage of body f u ,.| 
consumption to a different source. Remember, glycogen depletion im¬ 
pairs endurance. Caffeine shifts the body from glycogen-depleting car¬ 
bohydrate metabolism to oxidation of fatty acids. Caffeine is ineffective 
in high-intensity, short-duration activities of 10 minutes or less. It is ef¬ 
fective in improving prolonged endurance activities. Muscles will util¬ 


ize usable fat available at high levels. This spares glycogen. It is possible 
that caffeine consumed before exertion may increase availability of 
usable fat. 


Caffeine appears to increase endurance and intensity. Caffeine has 
been shown to increase endurance by 20 percent. Subjects in the experi¬ 
ment reported the work was perceived as “seeming easier.” This is pos¬ 
sibly due to the fact that caffeine is a central nervous system stimulant. 
Another study showed production increased by over 7 percent. 

Optimal results are achieved by levels of 4 to 5 mg of caffeine/kg of 

hotly weight, taken one hour prior to the exertion period. For someone 

of roughly 150 lbs body weight, this works out to approximately 3-10 

mg caffeine. This dosage is approximated by two to three 6-oz cups of 

Mack coffee. (The body’s insulin response to increased glucose levels 

due to milk and sugar would negate the effect of the caffeine.) See Hg 
ure 5-4. 

Additional amounts of caffeine do not enhance the effect. Ov< ] 
dosage may result in caffeine toxicity: nausea, muscle tremor, headach, 
nervousness, anxiety, and just a general feeling of being wired. Th* 
state is obviously counterproductive to optimal performance. 


Targeted Exercise and Targeted Iliet 

of 

Thi pi oper state oi physical preparedness stressed in this book is 
hypt i health. Most individuals are adequately healthy. Most indivi ^ 
are not assistants (or grips, gaffers* electricians, etc.). This book * 















Tea (6 02 1 
Black tea 

Green tea 
Instant tea 


Dosage 

180 mg 
132-180 mg 
76.8-149 mg 


210 mg 
120 mg 
36 mg 
10 mg 


60 mg 
36 mg 
36.6 mg 


Soft Drinks (6 oz) 

Jolt Cola 
Diet Mr. Pibb 
Mountain Dew 
Mello Yello 
Tab 

Diet Coke 
Coke 

Diet Shasta Cola 
Shasta Cola 

Shasta Cherry Cola (Diet) 
Shasta Cherry Cola 
Sunkist Orange 
Mr. Pibb 

D «et Dr. Pepper 

Or. Pepper 
Big Red 
Pepsi 

° e Psi Light 

° ia R i'e Cola 
j^ al . Crown Cola 

4lCa Cola (Canada Dry) 


I 




36 mg 

29.5 mg 
27 mg 

26.5 mg 

23.5 mg 
23 mg 
23 mg 
22 mg 
22 mg 
22 mg 
22 mg 
21 mg 

20.5 mg 
20 mg 
20 mg 
19 mg 
19 mg 
18 mg 
18 mg 
18 mg 
18 mg 
15 mg 


Sources of caffeine. 


Nonfood Sources 

Stimulants (per tablet) 

Vtvarin 

NoDoz 


Diuretic 

Aqua-Ban 

Permathene 

Weight Control/Diet 

Dexatrim 

Dietac 

Prolamine 


Dosage 

200 mg 
100-200 mg 


200 mg 
200 mg 


200 mg 
200 mg 
140 mg 


Analgesics/Menses (symptom relief) 


E xcedrin (extra strength) 130 mg 

Excedrin 54 m g 

Pre Mens Forte 100 mg 

Pre Mens 66 mg 

Midol 65 mg 
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ditioning be elevated to a slightly enhanced physical condition hef 



bit more specific. 



light and easy to carry. This means effort will be more directed toward 
the lower body. 

Emphasize lower-body training—leg exercises, etc. Endurance will 
probably factor in. Program exercises in this direction as opposed to 
short bursts of power. Increase general endurance training, as well 
And finally, add emphasis to one part of your general upper-body pro¬ 
gram: the forearms. 

Additional forearm strength has good application with 16mm cam¬ 
eras. Greater in size and weight, 35mm cameras are lif ted with more of 
the body. The smaller size and weight of 16mm cameras take more use 
of the wrists and hands. The muscles for these areas are the small mus¬ 
cles in the forearms. Of course 35mm shoots make different demands on 
the body. 

When preparing for a 35mm shoot, the upper body is stressed in 
training in anticipation of the shoot. These are often studio shoots with 
little distance walking involved. Even on location, the camera and crew 
cover less ground. The camera is twice the size and up to three times 
the weight of a 16mm system. Lifting is a bigger part of your day. The 
greater mass and size also involve more muscle groups of the back. 
Hand grips are larger. This reduces use of small muscles for wrists and 
hands. More large muscles of the arm are used. 

Some lower-body training should still be emphasized. Because of 
the size and weight of the camera, more muscles throughout the body 
are used. Heavy weights are properly lifted with the legs. 

Endurance vs power is a mixed issue with 35mm. Standing for 12 
hours takes endurance. The physical moving of the camera between 
setups calls for short bursts of increased power. 

A 16mm camera is often carried around for great distances for a 
long time: endurance. A 35mm camera is often moved on a dolly: and 
sometimes a 35mm crew is large enough so one of the grips might carry 
the camera. British crews do this more than American crews. I he 
switching of legs, heads, addition of risers or a difficult placement on 
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or hif?b bat ca ^ S ^ OI ^ rt>a ^ er exertion for a shorter time; power, 
am exercises in the direction of power, Increase general endur- 

pr °f training. as wel1 ' 

arlC pj e t for the nonathlete has a reduced effect, but still adds an edge 
a can he targeted for the nonathlete who trains for a shoot. The 
arl nathlete cannot take advantage of carbohydrate loading. This is be- 
Ilf> muscles that are not endurance trained will not store more than 
heir usual amounts of glycogen. You will probably not train at levels 
reC mired to stimulate muscles to “load” extra glycogen stores* when 
<ven the opportunity. (Endurance training isn’t the commitment it 
sounds like: exercise periods greater than 90 minutes for 3 to 5 days a 
week.) Still* increasing carbohydrate consumption assures the nonath- 
of maximum glycogen stores and reduces the percentage of less 
W ell used nutrients, like proteins and fats. 

Start ahead of the shoot. Four days before your shoot, increase car¬ 


bohydrate intake from an average of 45 percent (normal American 
diet) to 70 percent (heavy training diet). You should be careful about 
weight gain, but your exercise should be increasing too. You may not 
be able to take as much sugar into your diet as a training athlete. This 
inay lower your CHO percentage to 60 percent. Protein should consti¬ 
tute 12 percent of your diet. If possible, take protein from legumes, like 
peas and beans. They’re starchy and they contain carbohydrate. Some 
books call them supercarbohydrates. They are a very efficient form of 
nutrition. Take the balance of your diet from fats. The average 45% 
CHO diet is met by two servings from the dairy and protein group 
(each). Four servings from fruit/vegetable and grain groups (each) are 
taken. To increase CHO intake to 70% CHO, double your servings from 
fruit/vegetables and triple your servings from grains. See Figure 5-1. 

1 inally, rest the body, ry to get the maximum amount of rest you 
would normally take. Don’t fight your body to get more rest than is 
normal for you. This only induces stress. As for unusual shoot sched¬ 
ules, try to shift your sleep times to accommodate them, but again, let 
your body’s normal feelings be a guide in this. Forcing the issue doesn’t 
work and only induces stress. There is a mild and natural technique to 
shifting day/night schedules that is discussed in the section on External 
physical contingencies (see jet lag). 


* *ARATION 

Cental preparation, like physical preparation, should also be pursued 
tis vv b°Uy as possible. It grows out of physical preparation and allows 
° n e *° be ready in a way that is more total and complete. Mental prepa¬ 
ration encompasses a galaxy of external and internal spheres. External 
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physical shoot requirements are the nuts and bolts of learning 
you need to know and how to do what you have to do. External } ** 

cal contingencies require anticipation and knowledge gained in st 'T*' 
ing peripheral aspects of a particular shoot. This is the “What’s it it' 
where I'm going, while I’m there?” part. Finally there are internal m. 
tal sell requirements. Here, one cultivates and nurtures the seeds ~ 
positive attitude and grows high “confidence in success” levels Her 
one grows these plants tall and ingrains their roots deeply. Good f n 

11 " 1 - 

mg... 


External I 'hysical Shoot Requirements 

An obvious (‘lenient of mental readiness is knowing about the shoot at 
hand. This is achieved through analysis, study, classroom and hands-on 
experience, as well as borrowed experiential learning. These make up 
the first of three aspects of mental preparation. 

Analyze 

Analyze the shoot and shoot requirements. What will you need to do to 
fulfill your part in completing the photographic assignment? What do 
you need to know to do these things? Talk to the DP. If it’s appropriate 
(often not), ask questions of the director. The producer, assistant direc¬ 
tor, or production manager all might have answers to your questions. 

Will new equipment be used? Does the new equipment require new 
techniques or procedures? Is there newer equipment to be suggested 
that can do the old jobs better? Are there new techniques that can do 
the same things better or faster? Can new techniques be developed by 
you that will take better advantage of new equipment or technologies 
(evolution) or enhance the power of older equipment and/or existing 
technologies? Is there old gear or techniques that you need to relearn? 
Could you benefit from a brushup or a small refresher? 

Study 

\\ hat can you do to satisfy the above contingencies? You can read. 
Some manufacturers publish equipment operating manuals for their 
pioducts. Ask for these at technical bookstores. Also, small operating 
guides, in the form of one- to two-page “handouts,” are made available 
on particular pieces of equipment. Contact the manufacturing com¬ 
pany. Also, ask for these at camera rental houses. Specialized books are 
available on equipment and procedures. Books on equipment are most 
valuable if they are constantly updated. Procedural books can stay cur¬ 
rent longer. I he three best books for assistants at the time of this writ¬ 
ing are 
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The American Cinematographer',. Manual 

publisher: Ante, lean Society of Cinematographers. 

Good technical data. 1 

professional Cameraman’s Handbook 

By Sylvia Carlson with Verne Carlson 

publisher: I ocal Press/Butterworth-Heinemann 

Excellent equipment operations manual with some treatment of 

peripheral gear. 

The Camera Assistant’s Manual 
By David E. Elkins 

publisher: Focal Press/Butterworth-Heinemann. 

Good general survey of job category. Good descriptive treatment 
of procedure, 

Class room/Hands-on Learning 

Go get checked out on a particular piece of gear at a rental house or at 
the manufactur rr. Often this can be done on the prep dav. But. if it’s a 
particularly complicated piece of gear, it’s better to schedule a separate 
time ahead of the prep. This allows better learning at a more leisurely 
pace. Remember, a relaxed mental state is a more focused mental state. 
Retention is better. Also, questions might occur to you that might not if 
you are in a harried state at a big prep. Also, learning “day ahead" en¬ 
sures your prep the next day will go smoother. 

Borrowed Experiential Learning 

This is simple. Pick a few brains. Talk to others who have had previous 
experience with similar shoots or unfamiliar techniques or have al¬ 
ready used unknown pieces of equipment. This might include DPs, 
other assistants, key grips, and gaffers. Sometimes even directors, pro¬ 
ducers, or production managers may have the answers to your ques¬ 
tions. Obviously, asking executives questions falls to a judgment call: 
how well do you know them and how informal is the relationship. Joe 
Sedelmeir will always be “on the phone, right now’ or “in a meeting. 
Even if you say you’re his brother-in-law. Especially then. 

bream 

This is brainstorming. Take a space of quiet time, with no distractions, 
to just sit back, relax, achieve a daydream-like state, and think about 
the shoot. Look at the shoot as a whole. Imagine that you are holding 
the idea of the shoot, as an object, in your hands. Examine it. Turn it 
° Ver and over. Look at it from different angles. Look at it as a whole 
ar *d as pieces that make up the whole. Tinker. Pull it apart into major 
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components. Pull the large blocks apart. Digest the whole. This crPar 
thinking process also works well in the analysis stage. It allows yo^ 
identify and target facets of the shoot that need attention. It W ill t0 
only allow you to recognize the specific technical criteria of the shonl** 
but will also point to peripheral aspects of the job as a whole, tj?' 
sphere is called... 


External Physical Contingencies 

This is everything else of a practical nature, outside the actual technical 
arena of the shoot. '1 his is about getting ready for all the situations and 
circumstances that will happen to you before, din ing, and after the 
shoot, things that will affect you day and night, when you’re awake 
and when you’re asleep. 

Where are you going? How far are you going? When are you go¬ 
ing? What’s it like there, then? Especially if you arc traveling to a dis¬ 
tant location, you should do a little research. Look at some books. 

An atlas can tell you about geography, environment, elemental con¬ 
ditions (weather), and a little culture. The people are different; their 
customs are different. Where are the locals’ heads at? What is the chief 
economy here? A people’s basic approach to life often is a function of 
the bread and butter they put in their mouths; where they get it, how 
they get it. Are you going to a city, or will you be out in the country? 
What is the terrain like? Is it tundra, or is it mountains? What is the 
altitude? Will there possibly be altitude-related problems (dehydra¬ 
tion, headaches, edema, etc.) to be dealt with? Maybe you’ll be in a for¬ 
est, dry desert, or dense jungle. Are you at sea level? Is there an ocean 
nearby? Are you on the water; on an island, maybe? What hemisphere? 
Going to the poles? Will you be at the equator? What time of year? 
Does June mean summer or winter? Weather and daylight cycles are a 
function of geographical location. This affects time zone; times you’ll be 
working, times you must adjust to, day/night cycles you must adjust to, 
and scheduled work hours you must adjust to. 

W ea flier 

Weather is affected by everything, And weather affects everything 
from shooting schedules to the dampness of your socks. What season 
will it be when you’re there? Common knowledge will tell you this. 
But an atlas will tell you average rain or snowfall for summer or win 
ter. It will tell you average temperatures, as well as seasonal highs and 
lows. The percentage of sunny days is important to the emulsion choice 
and film order, as well as your sport bag. 

What about nights? What percentage of your shoot is at night. 
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Time Zone and Jet Lag 

This involves more than just resetting your wristwatch. You must also 
reset your body clocks. How many thousands of miles away are you 
traveling? For each thousand miles you travel, your body is shifted, out 
of sync, ahead or behind by one full hour. This is why there are 
twenty-four hours in a day. During that period your body processes 
operate at different levels in regular cycles. These cycles are adapted to 
optimally Fit your normal day/night schedule. These cycles are called 
circadian rhythms. By traveling through numerous time zones to a dis¬ 
tant location and radically different time zone and accompanying 
day/night cycle, you have just given your circadian rhythms what is 
called a severe case of jet lag. You must re-svnehronize your body cy¬ 
cles to a new set of waking/sleeping, working/resting schedules. There 
are ways to speed this process. 

Jet lag is the desynchronization of your body’s circadian rhythms, 

and modulation to varying degrees of non-naturally occurring phase 

difference, with each other and their own cycling schedules, according 

to the time of day. In plain English; your body clocks arc all screwed 
up. 

Jet lag does not like you. The sensation of jet lag is your body want- 
ln g to be somewhere else, at some other time—like where it just came 

g-y * v 

trom... now! Early symptoms include a developing sense of exhaustion. 
Ior a seven (hour) time zone change, the degree of severity will in¬ 
crease for approximately the next 12 hours. Peaking here, it will dimin- 
ls “ to approximately 50 percent in the next six hours and repeat 
r °ughly the same cycle for up to 3 days, dipping to a 12 percent low 
a nd then climbing again to 50 percent of its original severity over the 
n cxt 24 hours. This affects your concentration, memory, performance, 
y°ur sense of time and place, and general sense of well-being. 

■Accompanying symptoms are disorientation, reduced physical abil- 
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itv, impaired mental acuity, confusion, inappropriate appetite and 
petite loss, excretory and urinary schedule upset, and memory loss. ? 

Then there are secondary symptoms: constipation, diarrhea, dimin¬ 
ished libido, limited peripheral vision, decreased muscle tone, impaired 
night vision, reduced work capacity, slowed visual response times, re¬ 
duced motor coordination, reduced reflex response time, pharma¬ 
cological interaction, insomnia, continued acute fatigue, appetite loss 
and headache. These all result from disrupted cyclic scheduling of body 
rhythms, thrown out of phase with each other and with the clock. 

The mechanics of this affliction are complex. Simply, jet lag is 
precipitated by the inappropriate presentation of, and exposure to, oth¬ 
erwise normal (biochemically [internal], environmentally, and socio¬ 
culturally) cues and stimuli. A symptom-similar affliction, called 
Seasonal Affective Disorder (SAD), occurs as the days shorten with the- 
season. The cause of the disorder is believed to be related to diminished 
secretion of melatonin by the pineal gland. Normal discharge of this 
gland occurs in daytime, not at night. Exposure to bright light for 3 to 
5 hours a day, simulating a 13-hour day, brings complete remission of 
all symptoms. 

Internal desynchronization occurs in what are called “time-free 
environments.” Shift work is an example. Normally linked physio- 
rhythms go out of phase. Day sleep at cyclical body temperature maxi- 
mums and night activity at cyclical temperature lows make for rest 
that is fitful, interrupted, and incomplete. Task performance is dimin¬ 
ished in quality and rate by fatigue, which mars concentration as a 
result of collectively impaired mental faculty. Day activities that rein¬ 
force body clocks by day become genuine stressors to the body when 
shifted by one-quarter to one-half a day. You respond differently on a 
biochemical level, because you are biochemically a different person at 
3:00 A.M. than you are at 8:30 J’.M. Plants and animals have a natural 
chronobiological sense. In humans, each cell manufactures proteins, 
gene products, and other compounds on a preprogrammed schedule 
that takes “about a day” (circa dies) to run. The body senses the distinct 
differences between the middle of the night and early to mid evening. 

Besides the self-stimulation of internal cues, external cues, acting as 
zeitgebers (time givers), also stimulate internal cues. When light strikes 
the eye, a neurotransmitter is released to the rest of the brain and in 
turn to t ne body. This signals the wakeful active phase to begin. 

During the active phase, which is day for most humans, the hotly 
provides stimulants, which are the biochemical correlates of active be- 
havior. The body produces the amino acids tyrosine, dihydroxyphe- 
nylalanine (L-dopa), dopamine, norepinephrine, and epinephrine. 
These natural chemicals stimulate the adrenergic pathways through* 
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brain and bod). Stimulation of the catecholamine pathways en- 
° es activity- 

S A* ni^l 1 * 1 when, ong ago, activity could prove less adaptive, even 
fatal* the body c iseourages activity by production of another combina- 

ton of chemicals. Adrenergic dominance declines as cholinergic pro- 
Zses excite mdolamme pathways. Tryptophan and serotonin are 
produced in greater qua n ities Stimulation of the indolamine pathway 
initiates a pi ocess t lat induces drowsiness and sleep 

Core temperature cycles regularly. Body temperature reaches its 
peak during the day. Temperature is lowest at night. This process is so 

fundamental to the body that temperature is considered a true sign of 
adaptation to a new day/night cycle. 5 

Left undisturbed, the above processes occur naturally, cycling 
around a day that is approximately 25 hours long. Because of'this natu 
ra l tendency to phase-shift backward about an hour a day and the fact 
that we must reconcile our natural clock to a 24-hour sun cycle clock, 
it is fortunate that we tan reset our body clocks slightly each day. We 
in fact do this every night, when we go to bed according to a 24-hour 
schedule. These natural cycles (our body clock) can be reset to a maxi¬ 
mum of about 2 hours a day. This means that on a day-to-day basis (one 
day being 24 hours from the next) comfortable living within a 23- to 
27-hour day is allowed by this parameter. This is why you can go to 

sleep and wake up a few hours later or earlier, quite comfortably, from 
one day to the next. 

Body clocks determine body temperature, not the other way 
around. Yet the two are strong enough correlates that one may imply, 
or be inferred from, the other. At 12:00 midday (body time) body tem¬ 
perature is at its highest. At 12:00 midnight (body time), body tempera- 
tuu* reaches its low, staying there through 3:00 AM to 4:00 A.M., with 

minor “spikes” around 5:00 AM. The sleepiest time for the body is be¬ 
tween 3:00 a.m. and 4:00 A.M. 

These normal cycles determine when you want to be asleep and 

bocT ° ng y ° U want to be asleep. Sleep time depends on two factors: 
of C h * lme ant ^ s ^ ee P deprivation. If sleep is deprived, recovery sleep is 
s ^ S ^° r * er duration in the A.M. (4 to 5 hours). Here, body temperature 
IQ 3 } ° W> kut it is rising. Recovery sleep is longer in the early P.M. (5 to 
point ’ ’ body temperature starts higher, but is falling to its low 

" 11 will be longest after body temperature has peaked and has 
try r to to its low point. This is a very useful “tidbit” if you are 
to rest up for a “night exterior.” 

CUes e body’s response to internal states, which also serve as internal 
s timi l 11C 1 are a * so a response to external cues and demands, is also a 
Us tow ard shifting the body’s clocks. The body tries to adapt. It’s 
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(the body’s) such a wonderful thing. The degree and state of th ( . 
adaptation, at any time during its course, alter the body’s respo^’ 5 
external and internal stimuli. Jet lag is a physical manifestationof* to 
out of equilibrium. Stasis, like the hypothalamic feedback 1 0 SUsis 
body’s chief timing mechanism is believed to be centered there) 
in a circular relationship with itself. Thus, jet lag also exists in a* CXlStS 
lar relationship to the body and the external environment. 

Jet lag is affected extrinsically and intrinsically. External cues and 
demands not only cause jet lag, they also cause jet lag to diminish. The 
body’s response (internal states serve as internal cues) determines dif¬ 
fering physical responses to the same external stimuli over (here’s the 
key to it all) time. Ironic, isn’t it? The changing response (desired re¬ 
sponse), or adaptation to a new schedule (external cues and demands) 
can be achieved in less time if we utilize the external cue -> internal cue 
feedback system to our advantage. This means understanding the vari¬ 
ables, externally and internally, that affect jet lag. 


External cue -4 internal cue -> internal state —> internal response 
-> adaptation -4 external cue -»internal cue occurring to body 
in adapted internal state causing different response to same ex¬ 
ternal cue. 


External cues that affect jet lag are light/dark cycles and eating and 
sleeping. Social cues are external cues also. They include mental stimu¬ 
lation, irom intellectual activity like writing, reading, and work/study, 
and social stimulation, which comes from the kinds o socially oriented 
interpersonal interaction with others that occurs at work in the work¬ 
place. Others is key. Biosocial stimuli (eating with others) are impor 
tant. This also increases exposure to new schedules, arranged to TQ& 
new activity/rest schedules. 

Internal variables (acting chronobiologically) include chemk - 

that naturally occur in most people’s everyday diet. Intoxicants attf* 

jet lag. These compounds can measurably slow down or speed up bo ' 

clocks. Much of their effect depends on the time of day. 

and chocolate contain caffeine, theophylline, and theobromine. Th 

compounds fall into a category called methylated xanthines. aU '° ’ 

nicotine, marijuana, and other drugs (pharmaceutical and 1 

maceutical) affect body clocks. They can be disruptive to inter 03 ■ & 

nans. Some can be used in a controlled manner to one’s advantag 
shifting body clocks. jn 

Fh( above variables that aifect jet lag may be considered tie ’ 
that one may choose, or deny oneself, exposure to them. 0° c ***** 
vo untarily regulate the time, duration, and degree of exposure 


i 
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v;u tables one cannot control so readily. Age, day/night personality, and 
direction of travel arc three factors that interact with jet lag to varying 
degrees. Older people show more severe jet lag. Night owls do better 
with jet lag than early birds. Direction ot travel is the biggest variable 
affecting jet lag. A western destination and schedule are more easily 
adapted to than is an eastern destination and schedule, fn westbound 
travel the day is extended. This is more in line with our body wanting 
to "free run” to a 25-hour day. Plus, you just have more time to adjust. 
The body is much more naturally inclined to go west. 

An eastbound trip shortens your day. In a number of studies, east- 
bound travelers crossing six time zones have been shown to adapt by 
delaying physiological rhythms by up to IB hours, rather than speed¬ 
ing the body by 6 hours. This is equivalent to adapting to a trip in a 
westerly direction over many more time zones. This demonstrates an 


important lesson that might prove of some value in managing one's 
own jet lag program. Though nothing can be done to change these 
noneiective variables, their assessment should figure into the extent of 
preparation for and practice of any jet lag (symptom-relief) program. 

Remember not to fight the body. This only proves stressful. Re¬ 
member that if the body cannot adjust to shorter days, it will “free 
run” its bio-clocks, drifting to later hours and longer days, until it can 
resynchronize to a new time zone. Now...how to speed the catching 

up resyncing process. . . . 

As we research resyncing we will be repeating certain subjects, but 

for different applications. Changing time zones is facilitated by the 
timed utilization of exercise, methylated xanthines, diet, an t e ma¬ 
nipulation of external natural and artificial variables. These are put ^to¬ 
gether into a loosely regimented “program” and combined with a 
schedule of preferred waking, eating, and sleeping schedules, 

let Lat£ Program . 

First exercise. It helps shoot endurance and performance. And it s part 

of this program. Exercise can be used to manipulate glycogen levels. 

{' 1 vi’t i l 1 1 1 levels are related to the effect ot methylated xanthines 
and other zeitgebers. Exercise also stimulates neurotransmitters that 
are associated with the active phase. Regular exercise promotes more 
stage-3 and stage-4 deep sleep. Infrequent exercise disturbs sleep pat¬ 
terns The optimal time for exercise is early afternoon and evening. I se 
mild exercise on the plane during your destination active phase. It is 
also used before the timely use of MZs. This exercise program is a modi¬ 
fied version of your regular program. Exercise has been show n in be 
a primary stimulus tor increased glycogen synthesis. This is because 
exercise accomplishes the necessary lowering of glycogen stores. This 
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lowering is what leads to an opportunistic condition allow 
loading” in individuals that are endurance trained. If you ln S “ c arb 0 
the body can’t take advantage of this enhanced storage 
However, exercise can still be used to promote glycogen denier^ 

Why is glycogen depletion important? It increases sensitT^ 
MZs, light/dark, and food as stimuli for shifting the body clock, t0 
chocolate, and tea are foods that iiatmally contain the chemical* 
feine, theobromine 1 ) and theophylline. These compounds are cjii ^ 
methylated xanthines. They seem to have an ability to reset bod' 1 
clocks, pushing them back or ahead, depending on the time of day the ' 
are reintroduced into the system. Cessation of their consumption f 0 l 
several days prior to their timely application is important. The body 
develops a tolerance to these chemicals. Abstinence increases sensitivity 
Also* caffeine slows glycogen depletion. Remember glycogen depletion 
increases the body’s sensitivity to the effects of MZs and other time’ 
shifting stimuli. 

We also need to control the body’s reaction to the MZs. Their special 
effect is time dependent. MZs given in loosely controlled dosages show 
an ability to shift the body’s main clock by a few hours. This shift may 
be forward or backward. It depends on the time of day these com¬ 
pounds are taken. 

Ingested in the early morning, the el feet is one ot shifting the inter¬ 
nal clock backward 2 to 3 hours. This would be an adjustment to a 
westerly time zone, creating a phase-shift delay. Here, the 24-hour cycle 
is delayed, compared to that in our time zone of origin. MZs adminis¬ 
tered in the evening have the effect of shifting internal clocks forwaid 
2 to 3 hours. This would be an adjustment to an easterly time zone, ere 
ating a phase-shift advance. Here, the 24-hour cycle is advanced, com 


pared to that in our time zone of origin. ^ 

Optimal effects are achieved through proper dosage, administer 
to the body in a maximally prepared state. This is achieved by P rorn ^ 
ing maximum sensitivity. This occurs at lowered body glycogen k 
Exercise maximizes this lowering. Refined carbohydrates ( su £ a1 ^^ 
sweets: cookies, cakes, candy, and soda) taken before exercise 1IlU i ^ 
the rate of glycogen metabolism (increase lowering), fructose 
upsetting to the stomach during strenuous exercise. If y° ul 
schedule overlaps with recommended coffee time (jet lag p ro £ r ell t 
your schedule precludes a lull workout, avoid using sugar to aug, ^ 
glycogen metabolism. On a plane, you cannot exercise at 40 o ^ ^ t>a 
MAX 1 . Only mild exercise, if any, is possible. Sugar taken cou ^ a jned 
swamping insulin effect, negating any influence of the MZs co 
in the coffee. 10 5 

Approximately 330 mg caffeine are in 2 to 3 cups of cof eU 
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weight) repicsents a pharmaceutical dose for the aver¬ 
age-weight man (approximately 160 lbs). For a woman of 110 lbs, 1 to 2 
cups of coffee provide this dosage. The actual concentration depends on 

the way the coffee is made-instant, percolated, drip, espresso, etc. Refer 
to Figure 5-4. 

This program recommends a balanced diet based on a carbohydrate 
emphasis as opposed to alternating feast /fast regimens, stressing high 
protein content. The logic of a feast/fast regimen, founded on a high - 
protein diet, is aimed at promoting glycogen depletion, providing long* 
lasting energy during the day and inducing sleep at night with a meal 
high in carbohydrates. You ask, “What’s wrong with that?” Well, the 
only thing wrong with that is that there are better ways to do the same 
thing. 

Lower glycogen storage is achieved by this diet, but not to any 
greater degree than that attained by a balanced 48 percent carbohy¬ 
drate diet. Also, the hard-to-digest protein emphasis during the day 
leaves the individual with a heavy, sleepy feeling after meals and a di¬ 
minished reserve of the body’s primary fuel source: carbohydrate. A 
high-protein diet is often a high fat diet, which is generally “not good' 
for most individuals. It is not the feast/fast that accomplishes the glyco¬ 
gen lowering, anyway. It’s not the protein, ifs the lack of carbohydrate. 
Rut protein is a poor fuel source of energy. Also, too much protein in¬ 
creases the body’s need for water, used in the production oi urea, to dis¬ 
charge excess nitrogen, a toxic by-product of protein metabolism. This 
seems to be at odds with most experts on jet lag, who suggest ample 
water consumption to combat dehydration, which is promoted by the 
“atmospheres” created in a pressurized airplane cabin. 

Protein is not a primary energy source. Its thief role in the body is 
for tissue growth and repair* Protein is used as a fuel only when more 
efficient sources, such as carbohydrate and fat, are depleted. The body 
does not store proteins as such* They are broken down into amino at 
ids, which are then recombined into proteins as thty are needed. 
Amino acids are a source of aerobic fuel* They require a continuous 
supply of oxygen. This occurs only when the body state is elevated to 
an aerobic state. This occurs a few minutes after exercise, of low to 
moderate intensity, is initiated. A normal resting/working state is be¬ 
low this threshold. So, at an anaer obit state, protein is not even able to 

be used as a fuel source to provide energy* 

A carbohydrate dinner as a stimulus for sleep has no strong em¬ 
pirical foundation. There is no strong body of evidence that protein 
stimulates adrenergic systems by day and caibohydrate stimulates in- 
dolamine pathways by night, “Diet and nutrition have little effect on 
sleep,” 2 “There is little validation for any jet lag diet” 3 
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Because feast/fast high-protein diets offer no real ad vantage, ar 
possibly less than optimal for health and nutrition) and do not reali 
support daily energy/rest requirements any more than other diets (and 
possibly to a lesser degree), I recommend the USDA-recommended bal¬ 
anced diet. This diet gets 48 percent of its calories from complex carbo¬ 
hydrates, and still allows appropriate glycogen depletion. This diet 
provides nutrition in a way that is most compatible with the body’s en¬ 
ergy utilization systems. Some researchers even feel that a slight modi¬ 
fication of this diet promotes deeper sleep. 

A balanced diet takes most of its calories from carbohydrate, the 
rest from protein and fat. For normal individuals (not endurance 
trained), 48 percent of their calories should come from complex carbo¬ 
hydrates, 8 to 12 percent from refined carbohydrates, 12 percent from 
protein, and 30 percent from fat. For those in heavy training, 00 percent 
should be carbohydrate, to avoid cumulative glycogen depletion. 
Training 3 to 5 hours/day requires a 70 percent carbohydrate diet to 
replace glycogen. So, for an individual exercising between 20 minutes 
and 1 hour, 3 to 5 days/week (minimum threshold endurance training), 
a 48 percent CHO diet still allows appropriate glycogen depletion, 
which enhances sensitivity to MZs and light/dark cycles. 

A 48 percent CHO diet is most user friendly. Carbohydrate is the 
chief component, used by the body for glycogen synthesis* A carbohy¬ 
drate diet is the most compatible with the body’s primary form of en¬ 
ergy metabolism. Carbohydrate is a primary fuel. Only carbohydrate 
can be used anaerobically, which is the body’s basal, and often basic, 
state (below low to moderate exertion). CHO metabolism is inefficient, 
compared to its potential, used aerobically, but it is rapid. CHO provides 
energy for short bursts of exertion. CHO provides energy evenly for 
long-term expenditure. 

Some researchers support the notion of a balanced diet’s role in im¬ 
proved sleep. There has been some evidence that a balanced diet pro¬ 
motes deeper sleep. There are some claims that the amino acid 
L-tryptophan has sleep inducing properties. Eat a 48 percent CHO, bal 
anced meal with a glass of milk. Have another glass about one-ha If 
hour before bed. 

Alcohol aflects internal clocks, possibly as much as do methylated 
xanthines and light/dark cycles. The effect is, at best, disruptive. I 
would avoid it during the transition period. But like everything, tbe 
call is yours. 

Manipulation of natural and artificial variables has an effect on 
adapting to a new time zone. Manage your light exposure, reset yout 
watch, use naps and practice activity/rest phases according to your des¬ 
tination. 
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Regulate your exposure to natural and artificial light and dark. Use 
,and d.'irk to simulate time cycles at your destination. On the plane, 
lower your window shade during dark phases at your destination. 
Keep your light on during light phases according to your destination. 

Reset your watch. Do this as soon as possible on the plane. Adjusting 
it while still at original location and still attending to responsibilities 
and obligations in a timely manner (like making your flight on time) 
could prove disastrous. 

Taking naps while traveling west may help you to extend your 
day- Avoid them when traveling east, as they may interfere with ad¬ 
vanced (earlier) sleep schedules. 

Activity and rest should be regulated on the plane, as well as prior 
to your flight. Activity/rest phases should approach, as closely as possi¬ 
ble, your destination schedule. 

Finally? this is my own nontechnical approach to jet lag. It borrows 
from books and research on the topic. Everybody has a theory about 
something, so why can’t 1 have one about jet lag? I feel the major deter¬ 
minants of internal clock stasis are related to the occurrence of regular 
biological functions that occur cyclically such that they are used as 
time cues by the body. In preparing to transition to a new time zone, to 
a degree, what you eat or how long you sleep may not be as important 
as when you eat and when you sleep. After all, timing will be the key 
issue where you are going, because it will be the chief difference where 
you are going. Add to this, intense light exposure. I here is new re¬ 
search on this. Seek it out to increase your level ol preparation. Dr. 
Charles Ehret is considered a pioneer in this field. His book is listed in 
the Bibliography. Good luck. Refer to the jet lag schedules (westbound 
and eastbound) that follow. All instructions are on an “if possible basis. 

All meals are based on a 48 percent CHO diet. 

Coffee ingestion is aimed at shifting clocks ahead or back. 1 he sug 
gested times depend on direction traveled and number of time zones 
compensated for, according to that day’s rise time. Here’s an example: If, 
one day before an eastbound trip to a destination two time zones away, 
you have adjusted your rise time by getting up two hours earlier, your 
body has compensated for two time zones by adjusting its clocks by 
two hours. If suggested coffee time is 5:00 ?MJ4H0 PM, you would take 
coffee at 4:00 P.M. If you are traveling to a destination only one time 
zone away and have adjusted your rise time by one hour, you would 
ta ke coffee at 5:00 p.M. For eastbound traveling: the more time zones east 
y°u enter (and need to compensate your body clock for), the earlier is 
y°ur choice of coffee time (fewer time zones east [5:00 P.M.]/more time 
zones east [4:00 p.M. I). Westbound suggested coffee times are not as strict. 

Wes t is easier. 
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Westbound: 1-2 hours 
Preflight 

2 days before flight day: 
stop MZs 

1 day before: 

meals, bed—1 to 2 hours later 

2 to 3 cups black coffee between 8:00 A,M. and 12 noon or 9:00 A.M 
and 1:00 P.M. only (shifts internal time earlier) 

no alcohol 

Flight day 
Day of flight: 

rise and meals—1 to 2 hours later 
sugar before exercise 
exercise before coffee 

2 to 3 cups black coffee by 12:00 noon or 1:00 p.M. only 

On plane: 

reset watch 

no alcohol today 

water for dehydration 

nap OK 

Destination 

meals, bed—on time zone 
snacks after supper OK 

Next day 

rise—on time zone 

sugar -► exercise (body/mind) -> breakfast 
MZs OK 

alcohol OK 

snacks after supper OK 


Westbound: 3-4 hours 

Preflight 

3 days before: 
stop MZs 
2 days before: 

rise, meals, bed 1 to 2 hours later if possible 
same restrictions 

1 day before: 

rise, meals, bed—2 to 3 hours 


later if possible 
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2 to 3 cups black coffee between 9:00 A.M. and 1:00 PM., or 10:00 
AM and 2:00 PM, only 
no alcohol 

Flight day 

Day of: 

rise, meals, bed—3 to 4 hours later if possible 
sugar before exercise 
exercise before coffee 

2 to 3 cups black coffee by 2:30 P.M. or 3:30 PM only 

On plane: 

reset watch 

no alcohol today 

water for dehydration 

nap 

Destination 

meals, bed—on time zone 
snacks after supper OK 

Next day 

rise—on time zone 

sugar —► exercise body/mind —» breakfast 
snacks after supper OK 
MZs OK 
alcohol OK 


Westbound: 5-6 hours 

Preflight 

5 days before: 

rise, meals, bed—1 to 2 hours later 
stop MZs 

snacks after supper OK 
4 days before: 

rise, meals, bed—2 to 3 hours later 
same instructions 
3 days before: 

rise, meals, bed—3 to 4 hours later 
same instructions 
2 days before: 
same instructions 
1 day before: 
same instructions 













Flight day 

Day of: 

meals, rise—4 to 5 hours later 
sugar before exercise 
exercise before coffee 

2 to 3 cups black coffee between 11:00 A.M. and 3:00 pm, or 12 noo 
and 4:00 P.M. only 
On plane: 
reset watch 
no alcohol today 
water for dehydration 
nap 


Destination 

meals—bed on time zone 
snacks after supper OK 


Next dav 
rise on time zone 

sugar exercise body/mind —> breakfast 

no MZs (MZs 2nd day post arrival/5-6-hour time change) 

no alcohol (alcohol allowed same as MZs) 


Westbound: 7-8 hours 

Preflight 

7 days before: 

rise, meals, bed—1 to 2 hours later 
stop MZs 

snacks after supper OK 
6 days before: 

rise, meals, bed —2 to 3 hours later 
same instructions 
5 days before: 

1 ise, meals, bed—3 to 4 hours later 
same instructions 

4 days before: 

rise, meals, bed—4 to 5 hours later 
same instructions 
3 days before: 
same instructions 

2 days before: 

rise, meals, bed—5 to 6 hours later 
same instructions 
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1 day before: ' l 

rise, meals, bed—6 to 7 hours later 
same instructions 

Flight day: 

Day of: 

rise, meals bed—6 to 7 hours later 
sugar before exercise 
exercise before coffee 

2 to 3 cups black coffee between 1:00 P.M. and 5:30 P.M. or 2:00 P.M. 
and 6:30 P.M, only 

On plane: 
reset watch 
no alcohol today 
water for dehydration 
nap 

Destination 

meals—bed on time zone 
snacks after supper OK 

Next day 

rise—on new time zone 

sugar —> exercise body/mind -» breakfast 

no MZs (MZs 3rd day post arrival/7-8-hour time change) 

no alcohol (alcohol allowed same as MZs) 


Westbound: 9-10 hours 

Pre flight 

9 days before: 

rise, meals, bed—1 to 2 hours late: 
stop MZs 

snacks after supper OK 
8 days before: 

rise, meals, bed—2 to 3 hours latei 
same instructions 
7 da vs before: 

rise, meals, bed-3 to 4 hours later 
same instructions 
6' days before: 

rise, meals, bed-4 to 5 hours later 
same instructions 
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5 days before: 
same instructions 
4 days before: 

rise, meals, bed—5 to b hours later 
same instructions 
3 days before: 
same instructions 
2 days before: 

rise, meals, bed—6 to 7 hours later 
same instructions 
1 day before: 
same instructions 


Flight day 

Day of: 

rise, meals, bed—7 to 8 hours later 

on rising: sugar —> exercise break fast/cot fee 

2 to 3 cups black coffee immediately after exercise only 

On plane: 

reset watch 

no alcohol today 

water for dehydration 

nap 

Destination 

meals—bed on time zone 
snacks after supper OK 

Next day 

rise—on new time zone 

sugar -4 exercise body/mind -* breakfast 

no MZs (MZs 4th day post arrival/9 - ICHhour time < hang*) 

no alcohol (alcohol allowed same as MZs) 


Eastbound: 1-2 hours 

Preflight 

2 days before: 

rise, meals, bed—1 to 2 hours earlier 
stop MZs 

no snacks alter supper 

1 day before: 

rise, meals, bed — l to 2 hours earlier . . -gpe 

2 to 3 cups black coffee only at 5:00 P.M./4:00 P.M. (oi ig 111 1 
text) 

no alcohol 
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Flight day 

Day of: 

rise, meals, bed—1 to 2 hours earlier 
sugar before exercise 
exercise before breakfast (no MZs) 
no MZs today 

On plane 

reset watch 
no alcohol today 
water for dehydration 
no nap 

Destination: 

meals, bed, rise—on time zone 
sugar -» exercise -» breakfast (no MZs) 
no snacks after supper 

Next day 

rise, meals, bed—on time zone 
MZs OK 
alcohol OK 

Eastbound: 3-4 hours 

Preflight 

3 days before: 

rise, meals, bed—1 to 2 hours earlier 
stop MZs 

no snacks after supper 
2 days before: 

rise, meals, bed—2 to 3 hours earlier 
same instructions 

1 day before: 
same instructions 

Flight day 

Day of 

rise, meals, bed; 3 to 4 hours earlier 

sugar before exercise 

exercise before breakfast (no MZs) 

2 to 3 cups black coffee at 3:00 l\M./2:00 P.M. (origin time—see text) 
On plane: 

reset watch 
no alcohol today 
water for dehydration 
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no snacks after supper 

no naps (unless Hying at destination bedtime) 

Destination 

meals, bed— on time zone 

breakfast— destination time (24 hours post-flight day morning) 
sugar -* exercise -> breakfast (no MZs) 
no alcohol 

Nextdav 

rise, meals, bed—on time zone 
MZs OK 
alcohol OK 

Eastbound: 5-6 hours 

Preflight 

5 days before: 

rise, meals, bed—1 to 2 hours earlier 
stop MZs 

no snacks after supper 
4 days before: 

rise, meals, lied—2 to 3 hours earlier 
same instructions 
3 days before: 

rise, meals, bed—3 to 4 hours earlier 

sugar before exercise 

exercise before breakfast (no MZs) 

same instructions 

2 days before: 

same instructions 

1 day before: 

rise, meals, bed—4 to 5 hours earlier 
same instructions 

Flight day 

Day of: 

rise, meals, bed-5 to G hours earlier 
sugar before exercise 

exercise before breakfast (no MZs) 

■i to 3 cups black coffee at 1:00 P.M./1Z noon (see text) 

On plane: 

reset watch 

no alcohol today 

water for dehydration 
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no snacks after supper ™ 

no naps (unless flying at destination bedtime) 

Destination 

meals, bed—on time zone 

V)i cdkfiist destination time 1 24 hours post-flight day morning); 

sugar -» breakfast -> breakfast (no MZs) 
no alcohol 

Next day 

rise, meals, bed-on time zone 

sugar —» exercise body/mind —> breakfast 

no MZs (MZs 2nd day post arrival/5-6-hour time change) 

no alcohol (alcohol allowed same as MZs) 

Eastbound: 7-8 hours 

Preflight 

7 days before: 

rise, meals, bed—1 to 2 hours earlier 
stop MZs 
6 days before: 

rise, meals, bed—2 to 3 hours earlier 
same instructions 
5 days before: 

rise, meals, bed—3 to 4 hours earlier 
same instructions 
4 days before: 

rise, meals, bed — 4 to 5 hours earlier 
same instructions 
3 days before: 

rise, meals, bed—5 to 6 hours earlier 
same instructions 
2 days before: 
same instructions 

1 day before: 

rise, meals, bed—6 to 7 hours earlier 
same instructions 

Flight day 

Day of: 

rise, meals, bed—6 to 7 hours earlier 

sugar before exercise 

exercise before breakfast (no MZs) 

2 to 3 cups black coffee at 12 noon/11:00 A.M. (sec text) 
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On plane: 
reset watch 
no alcohol today 
water for dehydration 
no snacks after supper 

no naps (unless flying at destination bedtime) 

Destination 

meals, bed—on time zone 

breakfast —destination time (24 hours post-flight day morning); 
sugar -> exercise -» breakfast 

1 to 2 cups black coffee between 6:00 A.M. to 7:30 a m., only (24 
hours post-flight day morning) 
no alcohol 

Next day 

m/ 

rise, meals, bed—on time zone 

no MZs (MZs 3rd day post arrival/7—8-hour time change) 
no alcohol today (resume alcohol same as normal use of MZs) 


Lastbound: 9-10 hours 


Preflight 

9 days before: 

rise, meals, bed—1 to 2 hours earlier 
stop MZs 

£ days before: 

i ise, meals, bed—2 to 3 hours earlier 
same instructions 
7 days before: 

rise, meals, bed-3 to 4 hours earlier 
same instructions 
days before: 

rise, meals, bed-4 to 5 hours earlier 
same instructions 
5 days before: 
same instructions 
4 days before: 

i ise, mtals, bed—5 to 6 hours earlier 
J days before: 


same instructions 


2 days before: 


rise, meals, bed—6 to 7 hou 
1 day before: 


rs earlier 


same instructions 
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Flight day 

Day of: 

rise, meals, bed—7 to 8 hours earlier 

sugar before exercise 

exercise before breakfast (no MZs) 

On plane: 
reset watch 
no alcohol 

water for dehydration 
no snacks after supper 
no naps (unless flying at destination bedtime) 

Destination 

meals, bed, rise—on time zone 

breakfast —destination time (24 hours post-flight day morning): 

sugar —> exercise —»breakfast 
2 to 3 cups black coffee by 9:30 A.M, only 

no naps 
no alcohol 

Next day 

rise, meals, bed—on time zone 

no MZs (MZs 4th day post arrival/9-10-hour time change) 
no alcohol today (resume alcohol same as normal use of MZs) 

East/West: 11-12 hours 

Preflight 

11 days before: 

rise, meals, bed—1 to 2 hours ahead behind 
no MZs 

10 days before: 

rise, meals, bed — 2 to 3 hours ahead bihind 

same instructions 
.9 days before: 

rise, meals, bed-3 to 4 hours ahead/behind 

same instructions 
8 days before: 

rise, meals, bed—4 to 5 hours ahiad/behind 

same instructions 
7 days before: 
same instructions 
6 days before: 

rise, meals, bed—5 to (i hours ahead/behind 
same instructions 
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Appreciate the positive. Realize your own effort in this endeavor of 
self. Appreciate it and give yourself credit for trying to Improve. Know 
that those who try to improve most often do (most). Visualize others 
appreciating your success and prowess. Everyone values improvement* 
especially bosses. It sounds hokey, but this stuff works. Try it. 

This is total preparation. It seems like a lot, but with planning, most 
of it should fall into place quite naturally, with no great extra pressure 
on your time. You may elect to follow some or all of it, as the real 
world allows. The package is prepared. Deliver it! 


DELIVER: THE FIRST LAW OF FREELANCING 

Deliver! This is what the first law of freelancing is all about. The first 
law of freelancing states, The answer to every question is yes; best fol¬ 
lowed by, “Yeah, sure. No problem. Done it a thousand times. Piece o’ 
cake. Watch this.” In short, deliver! This is what a freelancer does. Suc¬ 
cessful completion of this implicit task allows a freelancer to succeed, to 
pay his bills, to make his living, to be what he is and not a computer 

salesman or an insurance adjuster. What is a freelancer? A freelancer is 
one who freelances. 

Webster s New World Dictionary defines “freelance” as “a writer, 

actoi, etc., who is not under contract for regular work, but sells his 
writings or services to any buyer.” 

The key word here is “any.” Any buyer may ask for anything. Be* 
i.iusi .my implies many different buyers, infer that many different 
buyers will ask for many different things. A freelancer’s task is to pro- 
\ ide for these various requests, covering a spectrum that is virtually 
unlimited in kind and combination of elements. Every job is different. 
One thing remains the same: You must deliver! 

Today is the day of the shoot. This is where everything comes to* 
gtthu. In total preparation, you are technically, mentally, and person* 
\ iead\. \ ou have prepared technically the camera and your tools. 
^ ou ha\ e prepared physically your personal gear, exercised your body, 
ant specialized its diet. You have prepared mentally, examining exter* 
na P h y s,cal shoot requirements and external physical contingencies. 
^ ou have met internal mental self requirements and have cultivated a 
i it h /.t n inner state. You are prepared even to expect the unexpected. 
You are ready. This preparedness lends you a state of enhanced assured¬ 
ness and calm. In the wake of this total calm is mental quiet, an opening 
ank space in which the mind is totally free to focus and concentrate. 
I his will provide the power of every action this day. Before and dur* 
' ' VtI % ,u bon is though'; enhanced thought that will enhance yom 

prt c ision and effectiveness in everything you do, every move y° 11 
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make. The result is everything you do and don’t do is better because 
everything is well thought out. Everything is for a reason. Economy of 
effort. Strip down and gear up. Let’s Zen through a non-extreme day. 

\Ve know ifs not a perfect world. Rise after eight hours or pre¬ 
ferred rest time. Allow plenty of time. Some shower and leave. Some eat 
and relax. You will obviously do what works for you. Out the door: 
run through a mental checklist: batteries, film and/or mags, kit, sport 
bag, shoot papers and info, extras. Allow plenty of time. Stressing over 
being late is an awful way to start the day. 

Arrive. Try to get the truck parked in shade for the hottest part of 
the day, or sunlight for the coldest part of the day. Stow your gear and 
go say hi. Or jump right in and say your hellos later. Reach a good 
point. The camera is built and to the set. People (2nd assistant anti 
loader) are organized (talked to), gear, carts, and kit bag are organized. 

Idle. Get a little coffee, juice, and/or food. Prepare sunscreen, glasses, 
etc. Think about the shoot day and the first shot. Talk to the DP if he’s 
in a good “idling” stage. Are there any changes? Any last-minute good 
ideas? Walk (measure) set, scope out the shot. Visualize the whole thing 
(generally and specifically). If the shot is hard, keep mentally pi eparing 
right up until it’s time to roll. If not, stand by ready, relaxed, idling. 

Shoot out the first shot, break setup, repeat setup routine, keep 
shooting to midmorning. If it’s very hot, you should already be di ink¬ 
ing extra fluids even if you’re not feeling thirsty. Fruit is good food, be¬ 
cause there’s water in it. It doesn’t take extra water to digest liki 
proteins do; it’s a carbohydrate and it leaves no after-lag, as do a lot ot 
other foods that are on the food table. Orange juice is food in an excel 
lent form. It’s fluid. The fructose is a good form of sugar. It s carbohy¬ 
drate and you can consume it quickly. Refined carbohydrates like 
sugary sweets can work either way (see diet text). Lox (fish) are excel¬ 
lent nutrition, but can feel a little heavy. Eating them as plain as possi¬ 
ble is the best and also the least fun. Meats and cheeses art km, ut wi 
leave you feeling heavy. There’s nothing really wrong with anyt mg 


a don’t have a problem with. , r 

Continue shooting until lunch. Try to gauge film use for the rest of 

' afternoon. Think about stock changes and preparing mags ot at 
: light. At lunch, leave any big changes until after you come back, if 
* will allow. This is because the mental and physical effort entai e 
U “warm you ui>" again. The after-lunch drags are often completeh 
up after a significant camera “restart.” Save film changes, bat- 
y changes, and moves for this reason. Again, this ,s providing time 
Ows. 


If you cat now. eating lighter is more comfortable. Some guys can 
p at a huge “hot meal” and feel as fresh as they ever do. If this isn’t you, 
'•Sht CHO is best: salad, vegetables, potatoes, bread, and rice. Of the 
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meats, fish is best, then chicken, then red meat (which will make 
feel the sleepiest). Fruit for dessert will avoid adding a sleepy feeling if 
you really want to have the fun stuff, make a plate of everything you 
want, cover it, and put it on the truck. Eat light now and scarf on the 
big plate later in the afternoon, after your metabolism begins to climb 
again. Or, don’t eat at all now, if it’s not your time. Make a plate for 
later. For some, this independent behavior does something t i 
onty be explained as psychological, but the effect is real. 

Try to finish lunch a few minutes early and get away. A short 
meditative, quiet time is beneficial. A few minutes of quiet reading 
leaves a noticeably fresh feeling. This is different from talking. But 
most important, do what you want to do—this will probably be most 
refreshing. If you’re having a good time talking at lunch with your 
friends, stay there and enjoy yourself. 

Back at the camera, restart your crew. Get film, battery, and major 
camera changes done. Make the big camera move. Carry it yourself; 
your sleepy body will be glad you did. We’re talking heart rate and 
circulation. Coffee works as a jump start here. 

Shoot out the afternoon. Anticipate light failing and film stock 
changes. Prepare for the “dying light dance of death.” Keep an extra 
battery and mag close by. Wrap. Say good night. 

This may seem like a lame, obvious section at first. It’s meant to be 
general. We’ve gone over the specifics. You should know how to apply 
them. Now, some general comments about this general day description. 

1 he point is not to trick (sabotage) yourself. Get enough rest. Give 

yourself time to get out the door and get to work comfortably. The 

pressure will start soon enough and a relaxed mind concentrates better 
in a storm. 

Be organized and prepared. Know where you’re going to work. 
Know how to get there and how long it will take. You should be in this 
position by the night before. Look at maps and call sheets the day be- 
fon-. Don t make it stress time in the morning, or surprise yourself 
w just how far away the location really is. 

And try to have an idea of what you are going to be doing once 
i nu get there. Even go over the camera build in your mind once, on 
your way there, especially if the startup is at all tricky. Doing this kind 
of thing allows you to always have a bit of your own direction, even 
when the company is floundering. 

Don t kill yourself with all the great food they heap on those tables. 
I know, I love it too. But use the huge choice to help your body and 
frame of mind. 

Remember what you know about extreme conditions: hot, cold, ex¬ 
posure, hydration, anti diet. Put the truck in the best place for you, the 
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gear, and t ^ ie wea ^^ cr * in rold, make sure your layers are fresh, dry, 
and sweat free. In heat, actively seek shade. If the camera’s in sunlight 
and you don’t need to be next to it, shade it and the batteries and delib¬ 
erately seek shade for yourself. Sit down in it, spending less energy 
than standing and move as little as possible. If given conscious thought, 
movement and energy waste in exertion and cooling can be greatly re¬ 
duced. 

Don’t waste energy “trying” to rest. Sit only if you can remain sit¬ 
ting for a period of time. It’s better to stand for a long period than to sit 
for many short periods. Getting up and down frequently wastes great 
amounts of energy and heats the body unnecessarily. 

Get good at the heat. Learn to enjoy the heat and all the things that 
come with it. lliis includes what some people (even you; might usually 
consider uncomfortable. It’s all a mind-set. Have your sport bag geared 
to cool. Spray iced Sea Breeze on exposed body parts, Drape towels over 
your neck that have been soaked in iced H 2 0/Sea Breeze buckets. Keep 
a dry towel to wipe surface grime off the skin. This eases sweating, al¬ 
lowing heat radiation. Enjoy pouring water over your head. Don’t 
worry about your clothes. Become animal-like in the heat. 

Hydrate. Drink massive quantities of cold water long before you 
feel any thirst. By the time you feel thirsty, it's too kite and you’re al¬ 
ready way behind. At this stage even your mental performance can be 
impaired, no kidding. 

Don’t trick yourself mentally. Don’t hypnotize yourself into feeling 
to a greater degree the heat or the cold. You see some people dragging 
around and hear them say, “I'm so hot” or, “It’s so hot out...” They’ve 

convinced themselves right into a draggy state. 

Be smart in the cold. Have your sport bag geared to the cold. Don t 
overdress. If you get too hot and sweat heavily, the insulation qualities 
Of your clothes is greatly reduced. Remove layers if you get warm. Add 
layers if you get cold. Use heat packs. Keep your feet warm and dry. 
Change into extra socks, if you need to. Cold ground or a cement floor 
can chill your whole body. 

Enjoy the cold and your conquering of it. Park trucks in the sun. 
Provide warmth for your batteries. Keep lenses at shooting tempera¬ 
ture starting 12 hours before. Avoid shocky temperature changes for 
Your body too. Avoid going in and out of hot environments. Don’t pop 
into a trailer for a quick warmup. Conserve movement. Avoid unneces- 

Sar y trips around the set. 

One final note about working at night (dusk ’til dawn). Take extra 
vitamins 12 hours before the shoot. Take the normal amount of vita- 
niins, at the normal time, on the morning of the shoot. At the begin- 
nin S of the night, take another normal dosage, It you use caffeine to 
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stay awake, don’t start early or you’ll have no sensitivity to it later 
when you really need it. Ginseng tea is an herb tea that is extremely ef¬ 
fective. It contains panax ginseng, which has a noticeable effect on 
freshness. It gives a less harsh feeling than caffeine. Use this tea first and 
try not to use coffee. If you really need to get out the big guns, “go for 
the Joe,” but you'll find that, at a really late hour, if the tea works for 
you it leaves you feeling much better than the coffee docs. 

Being prepared, being smart, and using common sense take 
thought. Using thought helps ensure success in comfort, relaxation, 
concentration, and performance. Do well; be happy; do well. Deliver! 


DEALING WITH FAILURE: WHAT TO DO WHEN 
YOU CAN’T WIN 

“You’re fired!” You’re fired because of... 

lack of ability 
too slow 
too sloppy 
bad conduct 

bad luck (bad circumstances and coincidences—if happens) 
bad attitude 

boss doesn’t like you (this is usually tagged bad attitude) 

You can be fired for any of the above reasons. If you just fell victim 
to some bad luck of whatever nature, this will not have been seen by 
the boss, or you wouldn’t have been fired. This is if he’s a fair boss. You 
can have bad luck; have the boss know about it, understand it or not, 
and still he’ll fire you. You can have a cowardly boss who knows 
you’re not at fault, who’ll still fire you to cover his own butt. This is 
indeed bad luck. The truth, of course, will not be seen and/or admitted 
by your boss. If he just doesn’t like you, this too is indeed bad luck, and 
this too will not be admitted by your boss. The reason will be 
euphemized into something akin to and mysterious as “bad vibes.” Just 
what are “bad vibes” anyway? Are they like what country doctors, one 
hundred years ago, used to refer to as “the vapors”? No. Bad vibes ar< a 
result of someone projecting his own negativism onto some usually m 
nocent other. Anyway, you can bet this “tragic magic” on the bosss 
part will be turned onto you and tagged as your problem. Here, the one 
projecting bad feelings onto you can escape taking any responsibility 
and avoid dealing, in a mature manner, with a bad situation or his ow n 
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inadequacies. I he notorious first cousin of bad vibes is that good old 
unemployment dart called “bad attitude.” ' 

This dart tends to pop a lot of other bubbles too. It deflates egos, 
lowers self-esteem, and can flatten a good, healthy sense of self and self- 
worth. The potential damage done by this loosely wielded bludgeon far 
outweighs any motivational value it might have toward self-correction 
and improvement. The negative results of this kind of ego damage 
translate into impaired performance and use of personal and technical 
skills in that all-important arena called “next time.” 

Get ready for next time. Forget about spilled milk. Let your old boss 
clean it up. If he fired you for some bogus reason, which is often the 
case, his clothes are soaked in the mess and he’ll never get the sour 
smell off him. Everybody pays his own price. 

This is moving on. To move on is to have no time to wallow in the 
folly of one’s self-importance. Do you think your failures matter 
enough that you should let them change the future? Who the hell do 
you think you are? A warrior is impeccable. To be that way he has no 
time to close up in defense and let his own death fake him quietly. This 
is what Don Juan would say . 4 

Impeccability is what Robert DeNiro strove for and sometimes rep¬ 
resented in The Deer Hunter. On a trip with his blundering, beer 
drinkin’ buddies, one of them loses his hunting boots and asks to bor¬ 
row a pair from DeNiro. (Of course he has extra. He’s prepared. He’s im¬ 
peccable. And it’s the movies, and his character has to be that way.) 
Anyway, at his buddy’s request, DeNiro is astounded and angered at 
this fumbling boob, who doesn’t have enough personal power to hang 
onto his shoes. He surely doesn't deserve to put himself above the life of 
a beautiful and impeccable wild stag. DeNiro rails to his buddy about 
being impeccable. He waves a rifle bullet in his friend’s face and shouts, 
“See this? This is this! It ain’t nothin’ else. It’s this!” He jams it into the 
rifle and slams shut the bolt. Do you understand the message of simplic¬ 
ity* perfection, pureness of purpose, and creativity of intent? 

Do not be distracted by fools. There’s a whole zoo full of them out 
there, especially in Los Angeles. When you buy into the load of beans 
they’re trying to sell you, you give up your power to them. And tlit y 

cail ’t use it anyway. What a waste. 

Take your own honest analysis of the situation and act on it. Recog- 

n ize faults and correct them. Improve shortcomings. Admit your mis¬ 
ses. Also, recognize when you are being shanghaied and never 
confuse the two. However, if you think it’s them when it’s you, then 
you’re the fool. Don’t be a monkey; they can’t ride horses. 

Get back on. Unfortunately there can be carryover into tentative 
Performance in interviews, timidity in risk taking (rule breaking for 
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advanced assistants) and interpersonal interaction with boss t vpes All 
these occurrences can hurt you. You must leave behind emotional 
deadwood. Try to intellectualize it away and hopefully your convic¬ 
tions will become heartfelt, where they count. Diminish their (failures ) 

importance. 

Look at the real world. Everyone’s been fired at least once. This in¬ 
cludes people who are “very good.” You have worked before and have 
done well. You will do well again. Or did this event magically change 
you into someone else, who is bad at what he does, has no experience, 
and is devoid of technical knowledge? Of course it didn’t. You’re still 
you. 

m 

Use memory, self-hypnosis, suggestion, or relaxed visualization to 
reinforce your positive self-image. Recall past highpoints. Visualize old 
and future wins. Take good care of yourself. Prepare and go do another 
job. It'll probably be years before you’re fired again. Hah! Someone who 
tried to badmouth me off a job by telling (true) stories to a producer 
friend of mine was reminded by that same producer of the time that 
same someone was dragged off a stage by FBI agents. Lesson? Nobody’s 
perfect. There are a lot of horse’s asses out there, and if you stand here 
long enough, you will get crushed, ’cause somebody’s gonna try and sit 
on you. That’s just the way it is. Get up and walk away. 


CAMERAMAN MYSTIQUE 


Dismiss the myth of the “cameraman mystique.” You’re just an assistant; 
you don’t deserve to stand under this umbrella, any way. This section is 
mostly for those who are new. Experienced assistants should know this. 
It’s all garbage. 

The misguided notion that the camera department is somehow 
above the grips and electricians is naive. Believing this is the true mark 
of an outsider. How foolish to make so many assumptions based on a 
pair of clean hands. 

So much is misinterpreted. People see grips and gaffers doing heavy 
work in dirty clothes with dirty hands. People see them use simple 
gear and assume simple minds. They see a large group of workers as a 
tribe of “good ol’ hoys." They assume each member of a larger group 
individually has less power. They see their deference to “Camera” as a 
form of submissiveness and subservience. They see the assistant stand¬ 
ing near the higher end of the chain of command and assume he occu¬ 
pies a higher place on the evolutionary ladder. People see grips anti 
gaffers standing around. Assistants get to sit. (That’s to keep them out 
of the way where they will not hurt themselves or anybody or any- 
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thing else. It s like what an adult does with a small child. Often an assis¬ 
tant is offert'd a s( at beeausc his head’s in the gaffer’s eyelight.) ^ 

The outsiders who make hasty judgments out of context are truly 
ignorant natives peering through the hushes at something they don’t 
understand. People see assistants with clean hands. They see assistants 
with clean clothes (sometimes). I’eople see assistants with high-tech¬ 
looking gear. People see assistants with movie cameras. People see assis¬ 
tants alone or in small groups. They assume this means they have more 
power, rhe set rets sh.iied only by a few must be more precious. People 
don’t see them constantly walking up to and deferring to the DP. That’s 
because, as assistants, they’re always standing right next to the DP. Peo¬ 
ple see the assistant standing in ihe deference line of fire and misinter¬ 
pret it. People see assistants sitting down and being offered places to sit 
and things to sit down on. That’s because they want the assistant to be 
able to concentrate, so he can get his focus and/or zoom right and they 
can all go home sooner. 

People don’t see at all. This is what’s true. The difference between a 
DP and an assistant is like the difference between a doctor and a nurse 
in level of training, knowledge, and pay. What’s the difference between 
a highlight and a flare? Day rate. An assistant is a department head, just 
like the key grip and the gaffer. He makes the same rate of pay. Assis¬ 
tants ride on dollies because they’re too stupid to walk and chew gum 
(pull focus). Don’t do this. Walk as much as you can, unless it’s just an 
absolute impossibility. And if you have to ride, get ofl for the return 
trip and help push the dolly hack to the other end of the track. If 
you’re going to ride, ride for rehearsals too. This is for the dolly grip. 
He needs to get used to your weight so he can know how to compensate 
for it and incorporate this into his move. These guys are artists. A beau¬ 
tiful dolly move is a beautiful camera move if 1 lie operator can hold uj 
his end. (Some idiots can’t and try to blame the dolly grip. This is horse 
puckey.) This is the best way an operator can try to sabotage himself. 
Being a professional, the grip will not let his feelings get in the way of 
his work. Assistants can shoot themselves in the foot in ways similar to 
jerky operator. Don’t do it. A good dolly grip is worth his weight in 

S°ld. Ask any good operator or assistant. 

What else is truer assistants have clean clothes because tht_\ can 
(most of the time), A movie camera looks neat (cute), but it s a fan 1\ 
simple piece of hardware that hasn’t changed much since the forties. 
I'itei ally less than a handful of different models are in common use, 
a,1( l their controls are always in the same place. Hot, there arc no 
problems to solve, only technical procedures to follow by rote, like a 
•donkey. Same damn routine, every damn time. 

bet’s compare two pieces of equipment from two departments 
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(camera and grip). Let’s use this as a means of comparing technical a 
creative criteria involved in each. Let’s compare a movie camera to 
“C-stand.” A comprehensive motion picture camera system costs around 
a quarter of a million dollars. A C-stand costs $134. Both are overt,, i 
and would cost considerably less if more were manufactured. 

But the movie biz is a small economy being sucked dry by small 
people. A movie camera is made up of about four thousand parts, a 
C-stand roughly twenty. A movie camera, built into even a minimal 
shooting configuration, breaks down into six to ten cases. A C-stand 
dotsn t even come in a case, and it stands as a single unit. Four to six 
even more, can be carried in the arms of the right-sized grip. A C-stand 
with its two articulated joints, is capable of literally an infinite number 
of configurations. It allows placement of whatever can be attached to it 
literally anywhere in three-dimensional space. It takes a creative mind 

to take full advantage of this seemingly simple instrument’s limitless 
potential. 

Engineers and experimental and theoretical scientists talk about the 
concept of elegant simplicity. To this end, a C-stand is elegantly impec¬ 
cable and impeccably elegant A Taoist would like a C-stand. It’s like di¬ 
recting. Anybody can say “action” and “cut,” but the difference in what 
happens between these two words is what separates the men from the 
boys, or the geniuses from the “technicians” (mediocre directors). 

Next to the immense power in potential of this simple instrument, 
a movie camera pales in comparison. A movie camera is a limited piece 
of hardware, capable of only a few restricted operating inodes that 
never change. Don’t misunderstand. It would not be Taoist or Zen to 
consider these comments as negative. I’m merely comparing the two. A 

key concept in this comparison is the word hardware. Let’s compare it 
to software. 

Software, as in creative thought and problem solving, is the true 
power in any system. Hardware is the necessary support required to 
yield the end product that springs from a creative seed. A camera is 
hardware* Grips and gaffers, like the DP, are problem solvers* Every 
day* every shot is different. Every Arriflex, Panavision, Mitchell* Eclair, 
and so on is just like every other Arriflex, Panavis ion* Mitchell, Eclair, 
etc. And every button is in the same place. 

Are you just a glorified button monkey? In some ways, yes* Have I 
overstated the case? Deiinitely, yes* But I’ve made a {joint well needed to 
be made. Don’t make the naive mistake of being overly impressed with 
yourself and your clean clothes. 

Give the prima donna routine a rest. Being a prima donna is bad 
enough* but trying to be one when you haven’t achieved a high 
enough station is misfounded self pride and an attempt at the abuse of 
power one doesn’t even have. Forget it. 
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GASP-MYS HCISM AND THE ZEN 


This is thi conclusion of this book. I’m not going to recap. If you want 

to know again w at you read, go look in the table of contents. Instead, 
just a few parting thoughts. 

First, don’t take it all too seriously. It’s all horse stuff. You’ll make a 
fool of yourself. Actually, making a fool of oneself isn’t such a bad 
thing. But a lot of us don’t like to do it. Being too concerned with never 
appearing a fool is to be overly concerned with one’s safety of self-im¬ 
age and the image one presents to others. This in itself is foolish. Don 
Juan calls it folly. It is also self-limiting, which is the opposite of what 
this book has been about. To be too careful precludes the possibility of 
taking risks and chances. This is where one can go beyond and grow 
beyond. It is to push the outer edge of the envelope. Here, you may soar. 
If you crash, you will at least go down in a blaze of glory (impeccabil¬ 
ity). You will have gone much farther than those timid, safe few who 
merely exist (subsist) on the same mediocre level forever. In this case a 
truly great word like “forever” is truly unremarkable. So don’t take 
anything too seriously—one’s self, one’s self-image, one’s safety, one’s 
importance, one’s job. It’s only your job, not your life. Film students and 
first-day employees don’t understand this. They’ll learn, God help ’em. 
By the way, once you do understand this, never admit it. Now do you 
see why it’s all horse stuff? 

Second, if you’re just considering this profession, don’t. Go into ac¬ 
counting, medicine, law, better yet, pro sports. Or become an actor and 
direct. That’s where the real power is. You can even be president one 
day, if you want to take a step down in the eyes of much of the world. 
But you maybe have spent some time as an assistant and are getting old 
to compete with college-age graduates in other professions. Your eligi¬ 
bility and “trainability” in the eyes of some is declining. You may be 
stuck here for now, which isn’t very Zen. But if you arc “stuck," accord¬ 
ing to yourself, make the most of it. This is Zen. This book is about that. 

Now there’s nothing really special about this book. Most assistants 
who have been practicing their craft for a while have discovered for 
themselves many, if not all, of the concepts and techniques contained 
here. This book is unique in that it’s the first attempt to organize the 
foregoing into a body of knowledge, with application intended primar¬ 
ily for assistant cameramen. I’d like to say especially for assistants, to 

■p 

introduce the word “special.” Many fields have built up whole organ¬ 
izational infrastructures not directly aimed at the execution of their 
I’nmary task, but at the enhancement of the execution of the primary 
task. Business is very big in this. Filmmaking has not basically changed 
since the early part of the century. So there is room for filmmakers to 
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tios change, as well. The first three ratios are called sine of angle thet 

cosine of angle theta, and tangent of angle theta, respectively The ° 

one! three-cosecant, secant, and cotangent-are reciprocals of the 

three. This book will discuss only the first three and it uses only th! 
tangent function. y e 

Sine angle theta — a/c ~ opposite side/Hypotenuse 
Cosine angle theta = b/c - adjacent side/hypotenuse 
Tangent angle theta = a/b = opposite side/adjacent side 

In a right triangle, as the value or size of angle theta changes, so 
does the value of one or both legs making up the ratio. The size of the 
angle dictates the value of the ratio. These ratios can be used to find an¬ 
gle sizes for vertex angles (sighting angles) for selected distances. The 
ratios can also be used to find angular span for sighting triangles. 

The relationship of the internal angles of a triangle from 0” to 89“ 59' 
can be found in the trigonometric tables appropriate to natural sines, 
natural cosines or natural tangents. See the trigonometric tables in the 
appendix at the end of this book. 


HOW TO USE THE TRIGONOMETRIC 'FABLES 

Since the printing and general method of use of the trigonometric ta¬ 
bles in this book are the same for all, only the tables of natural sines 
will be described. Remarks concerning certain small differences in de¬ 
tail will be given after this description. 

The degrees ot angle are in the first column at the left of the page. 
Immediately at the right of the number giving the number of degrees 
is the function; thus, in the sine table beside 12“ is found 2079. No deci¬ 
mal point is printed, but a decimal point is to be placed before each 
sine: thus, sin 12" = .2079, Similarly, sin 1“ = .0175, sin 78 = .9781. On the 
same line with each number of degrees, reaching across the page, are 
the sines of that number of degrees plus different numbers of minutes, 
the number of minutes being given at the top of each column. Thus, 
the sine of the angle 1 zW or 12“ 30' is on the line with 12“ and in the 
column headed 30' and the figure is 2184; sin 12“ 30' = .2184. Similarly, 
the sine of 0“ 48 or sin 0“ 48' = .0140, and sin 78“ 6' = .9785. 

Columns are given for each 6 minutes, O', 8', 12', 18', 24', etc. In order 
to find the sines for numbers of minutes not given in these columns, 
use the separate columns at the far right of the page that contain the 
numbers to be added to those given in the main columns for each, 1, 2, 
3, 4, or 5 additional minutes. Thus, in order to find sin 78" 9' we must 









find what is to be added to the number that is sin 78" 6'. 78" 9' is 3' more 
than 78" 6'» and on the line with 78" in the column at the right of the 
page headed 3 we find 2. This 2 is to be added to the last figure of the 
sine of 78" 6', which is .9785, giving .9787; thus, sin 78" 9' = .9787. Simi¬ 
larly, sin 78" 3' = (sin 78° O') + (difference for 3') = .9781 + 2 = .9783; sin 0"59' 
c s in 0" 59' = (sin 0" 54') = (difference for 5') - .0157 + 15 = .0172; sin 45“ 43' 

= .7157 + 2 = .7159; sin 12* 35' = 2178. 

Natural cosines are found in the manner described tor sines except 
that the differences in the columns at the right of the page are to be 
subtracted instead of added. This is due to the fact that the cosine de¬ 
creases as the angle increases, as appears in the table. 

Natural tangents are also found in the manner described for sines 
when the angle is less than 45". f or 45°—90°, however, the decimals in all 
columns after the first are to have inserted, before the decimal point, 
the number appearing before the decimal point in the first column on 
the same line. Thus, tan 53“ 36' = 13564. Similarly, tan 73“ 52' = 3.4564, the 
4564 being found in the usual manner. 

If the decimal part of a tangent has a bar over the first figure, the 
number appearing before the decimal point in the first column of the 
next line is to be used. Thus, for tan 71" 48' we find, on the 71" line and 
in the 48' column, 0415. Before this we are to write 3 instead of the 2 
that appears beside the 7T; this gives tan 7T 48' = 3.0415. Similarly, tan 
63“ 32' = 2.0086, the 0086 being found in the usual manner. 

If we are told or find from calculation that the sine of a certain an¬ 
gle is .2588, we find from the table that the angle that has this sine is 15°. 
Similarly, the angle whose tangent is 3.7321 is 75", as seen from the same 
table. I bis is found by locating the given sine or tangent in the body of 
the table and looking for the number of degrees on the same line in the 
column at the left of the table. In the same way we find, from the tables 
in this appendix, the angle whose tangent is 1.1792 is 49“ 42', the 1 being 
found in the first column on the 49° line and the 1792 in the 42’ column 
on the same line. 

If the exact function is not found in the table, the next smaller 
number is located and the corresponding angle read. To this angle is 
then added (for sines or tangents) or subtracted (for cosines) the num¬ 
ber of minutes at the head of the difference column on the right that 
contains on the same line the difference between the given value and 
the smaller value located in the table. Thus, if the sine of a certain angle 
is .3657, we cannot locate this number in the table directly. The next 
smaller number that we can find is .3649, which corresponds to 21“ 24', 
and the difference is 3657 - 3649 = 8, which on the same line in the dif¬ 
ference column corresponds to 3 minutes. The angle sought is, there¬ 
fore, 21° 24' + 3' = 21“ 27'. 
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,0kBn ,rom J- E. Thompson, Trigonometry for the Pmct>cai Mm Princeton. NJ.:D. Van Nostrand, 1982. 
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Cameras (Conf.) 

(,-onfiguration changes 
hand-held mode to studio mode, 141-143 

major, 136-143 

studio mode to hand-held mode, 136-141 
studio to hand-held conversion sequence, 
139-141 

using two camera platforms, 138 
ergonomic modifications, 148-155 
reloads, 143-145 
speed changes, 167-168 
Carbohydrates, 227-229, 237, 247-249 
complex, 227 
dinners, 247 
loading, 228 
starchy, 230 
super, 229 

CE (Cinema Electronics) 
bases, 128 

speed controls, 149 
CHO; See Carlmhydrates 
Circles, focus, 218 
Clock, body, 243 
Clothes 

extras, 222-223 

gloves, 223 

hats and hoods, 223 

pants (long and short), 221-222 

scarves. 223 

shirts, 222 

shoes, 220-221 

socks, 221 

sweatshirts with hoods, 223 
COC (circle of confusion), 4,181-182 
COF (curvature of Field), 33-36 
Coffee ingestion, 249, 260 
Coma, 28 

Complex lenses, 17 
Correction marks, 160 
Crane movements, 96 
combining movements, 105-107 
complex, 105-108 
focus scenarios, 108 
multi-tiered, 97 
thinking about the shot, 105 
use of triangles, 107-108 
Crossover focusing, 118-119 
Curvilinear distortion, 36 


Dehydration 
and alcohol, 233-234 
and fluids, 229-230 
Delivering work (the first law of 
freelancing), 262-266 
Depth perception, 72 
Desynchronization, internal, 242 
Diet, 227-234 
balanced, 248 
carbohydrates, 227-229 
fluids, 229-234 
simple sugars, 230 
starchy carbohydrates, 230 
super carbohydrates, 229 
targeted, 234-237 
Differential refraction, 40 
Diffraction, 46-49 

increase in amount of diffracted light, 
47-49 

ratio of C/A at T1.4 = 4, 47 
Diopters, 52, 56-58 
Distance 
defined, 73-74 

and dimension relationship, 74-75 
estimating, 76-77, 79, 87 
intermediate to long-range estimation, 
68-70 

man-made conventions, 89-90 
object, 4-7, 23 
perception, 72-73 
Distortion, 36-40 
barrel, 36 
curvilinear, 36 
optical, 36, 40 
pincushion, 36 
Ditty bags 

and less is more philosophy, 155 
setups, 151-155 
D.O. Focus, 4 
Documentaries, 124 

DOF (depth of field), 3-14, 170-173,181,184 
aperture, 13-14 

and brightness and speed of lenses, 191 
Circle of Confusion (COC), 4 
and focal length, 7-12,195-197 
and image size, 9-12 
interval size, 188 

and mechanics of aperture, 191-194 









fclect distance, 4-7 

££ » 1M - W0 
,racks, circular, 99-105 

1 Jps 

differences between assistants and, 269 
;in d lens tests, 50-52 
Dramatic productions, 124—125 
Drinks, sports, 232-233 


ECUs (extreme close-ups), 62-63 
Entrance pupils, 19-20 
Equipment, base, 154 

Ergonomic camera modifications, 148-155 
Estimation model, long-distance, 199-218 
model formulas, 201-216 
technique of model, 217-218 
terms and definitions, 200-201 
theory of model, 199-200 
Estimations 
distance, 79 

extreme short to medium distances, 


Fluids, 229-234 
concentrated solutions, 231 

kinds of, 231 
maintaining hydration, 231 
practicing prehydration, 231 
and skin blood flow, 231 
sports drinks, 232-233 I 

sweating, 230-231 - . 

use of alcohol, 233-234 .t'&g 

use of caffeine, 234-235 
Flying focus, 168-169 IP 

Focal length, 7-12,181-182 
depth of field and image size, 9-12 
and DOF, 195-197 
inverse square law of, 9 
law, 12 
net, 34 

proportional law of object distance, 9 
Focus, 61-121 
aids, 94-95 

anato-metric estimation, 63-64 
before, during, and after the shot, 61-86 


63-64 
focus, 90 

intermediate to long-range distance, 
68-70 

long distance, 85-86 
medium to long distances, 70-86 
object distance, 83-86 
slum to medium distances, G5-70 
technique of knowing, 86-87 
trigonometric, 65-88 
Exercises, targeted, 234-237 

Eye focus, 62,91-94 
in teractional factors, 91-93 
methods of achieving, 93-94 
Eye, speed of the human, 197-t98 


circles, 218 
definitions, 2 
establishing, 63-64 
estimating, 63, 90 
eye, 62,91-94 
flying, 168-169 
ground glass, 91-94 
measuring, 62, 90-91 
object, 165 
optical control, 3 
problem solving for, 8()-67 
qualitative aspects of, 171 
right amount, right speed, right time, 
119-120 

sequence flowcharts, 124,126-127 
shot confirmation, 120 


E-stop numbers, 19-20 

Failure, dealing with, 266-268 

Filmmaking, guerrilla, 130-157 

* liters 

clamp-on rings* 15G-151 
minimal in sports, 150 
Flashlights, small, 154 

* lawcharts, focus sequence, 124, 

126-27 


special cases, 99-100 
trigonometric estimation 
medium to long distances, 70-86 
short to medium distances, 65-70 
using tape measures, 90-91 
value of individuals* judgments, 120-121 
Focus marks, 90 
changing, 97 

and crane movements, 9G 
defined, 95 







i'o(’us marks 
making, 95-99 
and choosing, 96 
and client changes, 98 
cut-and-dried system, 99 
differentiation by set and series, 96 
keeping it simple, 98 
and multi-tiered crane movements, 97 
refer only to camera positions, 96 
unique, 96 

using tape arrows, 96-97 
multiple designations, 99-105 
colored and numbered, 99-100 
and free-form shooting, 103-105 
and object-one arcs, 100-101 
and one off-center object, 102 
and one on-center object, 103 
and three off-center objects, 101-103 
numbering, 97-98 
subject to change, 98-99 
tape arrows, 95-96 
tape strips, 95 
Focus pullers, 73 
long-lens, 170-173 
rat bastard, 128 

and standard dimensions, 75-76 
Focus, pulling, 109-115 
after, 119-120 
assisted techniques, 110 
before, 108-109 
conventional techniques, 109 
focus aids, 109-110 

heuristic and cybernetic techniq ues, 
113-115 

special techniques, 110-115 

tricks tor extreme situations, 112-113 

and using a spotting scope, 109-109 
Focusing gags 

crossover (reversed) focusing, 118-119 
geared heads as focus aids, 117 
little triangles all over floors, 115-117 
obscure, 115-119 
talent as focus aids, 117-118 
Foods; See Diet 

Formats, lGmm and 35mm, 173,181 
Formulas, 182-195 

arm an d fist dimensions, 208-216 

brightness and speed of lenses and DOF, 
191 


1 * * .® “ ,0,1 5»W» •iOS-IJOft 

depth of field, 184 

.lop.1, of field (35mm vs. I6mml l 64 -«„ 

** 2 * °" C ' S ’ XXly “ 41 , 


finding lesser verte* angles (trlgonomctri 
functions), 203-205 metric 

finding sighting angles (trigonometric 
functions)* 203*105 


hyper focal distances (HDs), 183 
image area, 194-195 


mechanics of aperture and DOF, 191-194 
model, 201*216 


Pythagorean theorem, 202-203 

45* rule, 115-117 
400mm lenses, 171-172 
Freelancing 
defined* 262-266 
first law of, 262-266 


Gaussian images 
planes, 34 
points, 39 
Glycogen 
levels, 245-247 
replacement of, 248 
Ground glass focus (eye focus), 9l~94 
Guerrilla 
assistants, 130 
defined, 130 

Guerrilla filmmaking* 130-157 
the best reload, 143-145 
camera configuration changes, 136-143 
equipment consolidation, 148-155 
ergonomic camera modifications, 148-155 
major lens changes, 131-136 
minimal camera configuration, 156-157 
sacrificing procedure, 130 
speed, 131 

speed work without a 2nd assistant, 
145-148 

Guerrilla shooting, 157-169* 173 
battery changes, 167 
camera speed changes, 167-168 
flying focus, 168-169 
getting marks, 157-166 
lens changes, 166 
magazine changes, 166-1 f57 

















(IDS (hyp erfot ’ a ^ distances), 14, 101,183 
Heuristic 

; ,nd cybernetic techniques, 113-115 
defined, 86 

perceptual assumptions, 06-87 
processes, 86-87 

HH-AKS (hand-held accessory case), 

139 

HM1 pulse frequencies, 128 
Horizontal (lateral) planes, 29-33 
Hydration, maintaining, 231 

Illusions, 86-87 
Images 

formations, 17 
planes, 34 

Infinity, sighting, 83-86 
Internal desynchronization, 242 

Jet lag, 241-245, 249 
Jet lag program, 245-261 
coffee, 260 

Eastbound: 1-2 hours, 254-255 
East bound; 3-4 hours, 255-256 
Eastbound: 5-6 hours, 256-257 
Eastbound: 7-8 hours, 257-258 
Eastbound: 9-10 hours, 258-259 
East/West: 11-12 hours, 259-260 
Westbound: 1-2 hours, 250 
Westbound: 3-4 hours, 250-251 
Westbound: 5-6 hours, 251-252 
IV estbound: 7-8 hours, 252-253 
Westbound: 9-io hours, 253-254 

Knapsacks, 152-153 

‘ xt ra film and peripherals, 155 
straps on, 155 

E*Ui i al chromatic aberrations, 41 
Laws 

local length, 12 
object distance, 12 

'Vs (longitudinal chromatic aberrations), 
44-45 

Learned pace, G4 


Lenses, 1-60 
100mm, 172 
300mm, 172 
400mm, 171-172 
Darlmv, 57-58 
basic design theory, 59 
brightness and speed of, 191 
changes, 166 . .-Sfi 

anticipate, 132 
begin assembling, 132-133 
begin disassembling, 132 
major, 131-136 
prime to zoom, 133-136 
zoom to prime, 131-132 
characteristics, 52-60 
checked and cleaned, 133 
complex, 17 
and diffraction, 46-49 
and DOF, 191 
entrance pupil, 19-20 
focus of, 165 

focus/object distance rules, 

170-171 

focus/object distances 182 
functions and characteristics 
18-24 

glass types, 20-21 
internal surface quality, 22-24 
multifile surfaces 22 
node of emission, 18 
separation, 22 

speed and brightness 19-20 
surface coating, 22 
functions and related mechanics, 
1-2 

general survey, 52-60 
long, 198-199 
longer-focal-length, 171 
macro, 55-56 
made of many lenses 39 
and objeet distances 4-7 
prime, 53 

as related to images, 24-26 
and resolving power (RP), 24-25 
retro-focus wide-angle, 39 
special-purpose attachments 56-59 
and teleconverters, 57-59 
telephoto, 39,54-55 
tests/!imitations 49-52 










(Cont.)i 

theory of, 2-14 
depth of field (DOF^ 3-14 

focus, 2-3 

hvperfocal distance (HD), 14 

tissues, 153 
wide-angle, 54—55 
wide-angle retrofocus, 55 
zoom, 53 

Linear perspective, 77-78 

Liquids See Fluids 

Locations, remote, 123-173 

Long distance estimation, 85-86, 199-216 

Long lenses 

assisted operator sightings on, 198-199 
focus pulls, 170-173 

Longitudinal chromatic aberrations, 41-42 
LSA (longitudinal spherical aberration), 27 

Macro lenses, 55-56 

Magazine changes, 166-167 

Magnification, unit, 23 

Man-made distance conventions, 89-90 

Marks 

asking for the fewest, 164 
close, 165 
correction, 160 

DOF (depth of field) zone locations, 164 
far, 165 

far point, 165 
getting, 157-166 
getting too many, 164 
intermediate, 165-166 
priority of, 161-166 
varying DOF zone sizes, 163-164 
vertical, 162-163 
Matched multipliers, 57 
Memory, visual sight, 88-89 
Mental preparation, 237-238 
Meridional planes, 29-33 
Money shot, 129 
Mysticism and work, 271-272 
MZs (methylated xanthines), 245-246, 248 

Net local length, 34 
Nodi- ot emission, 18 


100mm lenses, 172 
Object distance, 4-7 
estimation, 83-86 
law, 12 
and lenses, 23 
Object focus, 165 

Optical distortion, 36, 40 
Optics 

and light theory, 14-ia 
terms and definitions, 175-iai 

Pace 

learned, 64 
measuring, 64 
Parallax, 158 
compression, 54 

and distance compression, 76-77 
Perception 

depth, 72 
described, 72 
distance, 72-73 

Perceptual mechanics, theory of, 72 
Perspectives 
defined, 77 
linear, 77-78 
Petzval 
curvatures, 58 
surface defined, 33-34 
Photographic lenses; See Lenses 
Physical preparation, 220-237 
I hysical shoot requirements, external, 
238-240 

Pincushion distortion, 3G 
Planes 

horizontal (lateral), 29-33 
meridional, 29-33 
sagittal, 29-33 

vertical (longitudinal), 29-33 
Postprandial blues defined, 228-229 
Prehydration, 231 
Preparation 
mental, 237-238 
physical, 220-237 
clothes, 220-227 
earplugs, 225-226 
hand-size towels, 225 
heat packets, 225 
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miscellaneous items, 223-226 

Sea Breeze liquid, 225 
small umbrellas, 225 
sport bags, 226-227 
sunglasses, 223-224 
sunscreen (body, lip, and nose coat), 
224-225 

targeted exercises and targeted diets, 
234-237 
total, 219-220 
Prime lenses, 53 

Productions, dramatic, 124-125 
Protein as used as fuel, 247 
Pulling focus, 108-115 
Pupils, entrance, 19-20 
Pythagorean theorem, 202-203, 273 

Rat bastard focus-puller, 128 
Refraction, 15-17 
defined, 15 
differential, 40 
resolution limited by, 51 
Reloads, camera, 143-145 
Remote locations, 123-173 
carrying items, 151 
depth of field, 170-173 
different applications of technique, 123 
focus sequence, 123-124 
guerrilla shooting, 157-169 
guerrilla filmmaking, 130-157 
kinds of shoots: dramatic, sports, 
documentary, 124-130 
long-lens focus pull, 170-173 
shooting different situations, 123 
special ditty bag setup, 151-155 
stadiums, 169-170 

Resolution, limited by diffraction, 51 
Retinal gradient theories, 87 
Retro-focus wide-angle lenses, 39 
Reversed focusing, 118-119 
RI (refractive index), 17 
Right triangles, 65-67, 83 
Road, on the, 123-173 
Rl’ (resolving power), 24-25 
Rules 

45% 115-117 

lens locus/object distance, 170-171 


Rules of thumb, 181-182 , 

apertures, 182 

circle of confusion* 181-182 ft ^ 

focal lengths, 181-182 1 

formats, 181 'jtfu. 

lens locus/object distances, 182 

SAD (Seasonal Affective Disorder), 242 

Safe to stow defined, 133 

Sagittal planes, 29-33 TJ1 

SC As (sphero-ch romatic aberrations), 

44 

Screwdrivers 
jeweler’s, 153 
large straight-bladed, 153 
Sharpies, fine-tip, 153-154 
Shoot requirements, external physical 
analyze, 238 

borrowed experiential learning, 239 
classroom/hands-on learning, 239 
dreams, 239-240 
study, 238-239 

Shoot requirements, external physical 
contingencies, 240-261 
jet lag program, 245-261 
time zones and jet lag, 241-245 
weather, 240-241 

Shoot requirements, internal requirements, 
261-262 
Shooting 

guerrilla-style, 173 
stadium, 169-170 

Shoots, kinds of, dramatic, sports, 
documentary, 124-130 
Short show mode, 133 
Shot 

getting the, 128-29 
money, 129 
16 mm formats, 173 
Skin blood flow, 231 
Slant of terrain, 87 
Solutions, concentrated, 231 
Space, three-dimensional, /3 
Speed control, Cinema Electronics (CL), 

149 

Speed of lenses, 19-20 
Sports drinks, 232-233 
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Spurts photography 
and the 16mm format, 173 
and depth of field, 170-171 
in film, 170 
Spotting scope, 109-110 
Stadium shooting, 1G9-170 
Stimulus gradient theories, 87 
Stride, learning the length of one’s, 64 
Studio settings, studio speed work with a 
2nd assistant, 131 

Success, ways to check and guarantee, 120 


300mm lenses, 172 
T-stop numbers, 19-20 
l'ape arrows, 95-97 
Tape strips, 95 

I ( As (transverse chromatic aberrations), 41, 


lens tissues, 153 
small flashlight, 154 
Wet Naps, 153 
Triangles, use of, 107-108 
Trigonometric estimation 
15°/75° right triangle to find 20 feet, 67 
30760" right triangle to find =10 feet and 
=12 feet, 66-67 

45', 30760“, and 15775" right triangles, 65 
45 right triangle to find =G feet and -8 
feet, 66 

medium to long distances, 70-86 
short to medium distances, 65-70 
Trigonometric functions, 273-274 
Trigonometric tables, 274-281 
Tripod heads, changes, 150 
I SA (transverse spherical aberration), 27 




! 


* 


P 

i 


I 

H 


44-45 

Teleconverters, 57-58 
Telephoto lenses, 39, 54-55 
Telex lenders, 52, 56-58 
Temperatures, body, 243 
Terrain, slant of, 87 
Tests 

astigmatism, 32 
lens, 49-52 
Theories 

optics and light, 14-18 
retinal gradient, 87 
stimulus gradient, 87 
Three-dimensional space, 73 
Time zones, 241-245 
Time-free environments, 242 
Tools, 153-154 
base, 154 
carried, 153 

fine-tip Sharpies, 153-154 
jeweler’s screwdrivers, 153 
large straight-bladed screwdrivers, 153 


Unit magnification and lenses, 23 
URs (undeviated rays), 45 


Weather, 240-241 
Wet Naps, 153 

Wide-angle lenses, 54-55 
Work 

delivering, 262-266 
Mysticism and Zen of, 271-272 

Zen of work, 271-272 
Zoom lenses, 53 



Vertical (longitudinal) planes, 29-33 
Visual aids, 109 

visual sight memory (estimating medium 
distances), 88-89 
Von Seidel aberrations, 40 
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OPTICS 

A N 0 

FOCUS 

FOR CAMERA ASSISTANTS 
ART, SCIENCE and 

FRITZ LYNN HERSHEY 


Once camera assistants have learned and practiced the rule* 0 f 
their job, they can then begin to explore ond test their limits Relv' 
on theory os well as handjon experience, Optica and Focus fop 
Camara Assistants melds technical knowledge and skills with * 
techniques and attitudes to provide key information on one of the 
most vital parts of a camera assistant's job: focusing. Assistants will 
learn how to make themselves invaluable on the set by being able to 
apply theoretical approaches to problem solving. This will allow 
them to extrapolate from theory to any practical situation rather 
than following cookbook-style solutions. Optics and Focus for 
Camera Assistants also stresses enhanced techniques for greater 
speed and precision in routine equipment-handling procedures. 


In addition to covering such important topics os diagnostic optics for use in the field, fundamental and 
advonced estimating and focus techniques, and depth of field, Optic* and Focus for Camera 
Assistants also offers essential information on how best to be mentally and physically prepared for the job. 


Fritz Lynn Hershey has been a 
freelance camera assistant for more 



than 15 years, working principally 
on commercials. His feature film 
credits include Y&drof the Dragon 
and Executive Decision. 



















